
<+.

NASA-TM-I08268

THE
SPACE STATION FREEDOM

p-_6q

BIOMEDICAL MONITORING
AND

COUNTERMEASURES
(BMAC)

PROJECT

/: ,." ,

Gov't

(NASA-TM-IOBZ&B) THE SPACE STATION

FREEDOM BIOMEOICAL MONITORING AND

COUNTERMEASURES (BMAO) PROJECT

(NASA) 267 p

N93-72327

Uric|as

Z9/51 0168524

INFLIGHT EQUIPMENT DERIVATION

FEBRUARY, 1990



THE
SPACE STATION FREEDOM

BIOMEDICAL MONITORING
AND

COUNTERMEASURES
(BMAC)

PROJECT

OPERATIONALLY IMPORTANT FACTORS
AFFECTING HEALTH AND PERFORMANCE

DURING LONG - DURATION
SSF OCCUPATION



W
Z w
o ,,o

oOw o.
ww

©@

N_c_

N_
N_
N©
N_



_©

--I-IX

o__

ILl
._1
rn

o

0

o

,,=,

.5
,,-I,

Z

_._o

0=_

O_

_9

_°°_ ww
ul li.I

o

_'z_

_)>-a

_¢..)



0

G

T=

rr

n-

Z
0 c

_,_
ff) W a.

,<u. S
>.

13. ,<

,<
e_
LU

_©

NI

©_
N_

©

©

©



_o

_cc

o._

w u. _.

oc oc 0 u.l_
0:: _- _-" z o:w-

,9
- _ _ _, cc _,_

w_ w_ w Om _i

0 _ • • • • •

_ ° •



O_
a_
O_
T"

CO _.
ILl cw

0 Q: "
F- _ 0

0IL- 0o

_g

w

0
I--

u_

z

0 "I"m

> I--
ILl 0
_ Z
0 m
Z I--m

0 _:
0 u.I

Z: 0

0 a>
>- w

0 _
m ,,,
,

o 0

w w

a





I--
Z
I.i.!

0..

o_

= o
w _ 0

>- o C5 w
_ _ z cc0:: l,L! --

gO

a z _,,,
oc _
,el: 0:: I_

40"'

0 0 -- N
,'_ c_ m 0, IX
IX Ir
,< ,,_ Ir l-l.U 0
0 0 I-
0 0 ,,,
Ir Ir
I- I-
0 0 0
I.Ll ILl (.5
_I ,..I I:E
I.Ll I.Ll I.Ll

III >,-
11.1--

m

coo
IO,,_
(rill,

mo

,,i

0
0
I,Ll

,,i
Z
Z

-'r"
0



r
,..j

P
m

cO

e_

,v,-

n- o

,,,°

0 _

c=:::, .c_



f

0

i

0

0

I

0

1

0



T--

w_a

o.t_
i

@ Z

Q
Z
W

D.
I

8

-- -D

"' o. 0 _
_! _,,, _ _ CO >

0 _ w w

_c 0 0
-J 0 0

Z O: n.ILl W
rr _ 0 o
:D 0.. Z i!1
F- -- _ _-

0 0 n:__w _-
iI II

111 uJ
_- _- 0 uJ

ooaao 
,,, uJ w "' (_ >



0')

l.IJ

o_

o.j

c_

N_

_N

_Z

oo

u.iO

_-_ q
I-"Z
'<0 =1

0 "-0 u.

i

0

0
I.I.

Z
0
J

l--

I::l
Z
i.lJ

a:,,, 0
'_a. >.
_i>. i--
_i-,, ,--
O U

U

'_Z Zm
"1"0
I-.U I.l.I

I.i.

i--0 I_

_ __ u_o _ '_
I-. ca.,
,--, CO0 I--

z _o_

12.
Z

..I

>..

Z U.I
0 U
m

I.- Z
U
Z -'J

I.I. CO

U 0
-" Z

I-- UJ

0 _
-r- _-
I-- CO
_ 0
0 o..

0 0



o _i_
°__ i o
,_n" I "_

Z 0

°lii
ui w>.

Nc_

N_
Nw

_ ____'__-o

N_ °__ ___oE_ _-_

LLI u" _ z I'- 0_0 _ --E:_0 o.
i--

LU LU "I- rcn- _ _ 0 00 _n o 0 _: 0 w
_. 0 _ 0 0. _:
_= _ --. ..J

• • • • • •





c_

"'_ III

_ Lu

ILl

8.-w _;
,_LL ..i

tr-
ill

©_

@

©

©

.--J1
tm_

©

©



r
J

n-

CO

T-=

UJ

o _ ,?,

!L°°

aa

--a

,I/'_L

Vldl

ill

I.U
I.U

m

v

=_ Z
Z n- z

UJ UJ

o _ i,i

n- ; D
0 _

0
11_ ,,i ,,l

£/) o -J _ >-
z 0 co _-

0 '_ _ _ --- i,m >
_-

_- 0

iii uJ _-
I-" . >

co .j o



f

w i

o_ _, __z_

..r'_

u.O _0

i o''Zrr

N
OZ _m _Z

0:_. _Wet
:_ ."J mW Z0 _ "'"' '_ o•-r'.a -I- .,j

I • • • •

°) •
• _ m



f

•,) _-

I

W
0
I

>
W
0
Z
0
m

iI

I.L!
..I
..I
0

>
m

i.I

0
I--
I

Z
0

>..
iI
I

I

I-
0

I--"
m

,v'



r o,1co
o,_

r_ ,,-

I0 a" .0.
I,- :::) _ ,u

I-_ (JOl_ C)
I,_, .,_1a

V_LUI_,._1 _
I_¢n'l
I'_ LIJI "-
IO i-I ""
la z_.,io
I IJJ _1 >"

Io_ ol.._



o o
cn

m

i

J

W

a.

n-
W

0

e_
z

U.

Z
LU
O.
0
Z
0

W
_..

LLI
_..
Z
0
m

0
Z

it_

_J

>



f i
L.U
0



•l I •

II '

m

00_
_zz

_Om

_Eww

_zNN
z__
_00_

_Oz

_z__0_

N 3_ _

i



_g
1e kl_'_

g,_N

LULU LU

LM



©
@
@

_4

@

@





f

l--

ILl I

"_ a.

o _-

o iz

T

_D

v

_o _:
_o

00 __o--, gO_
U.I_

co z__

,¢, o_ ca'"
U.l "I"

w _ __N _- _z
-7 9-

0 " ,.,0
I:I:: o_

,,-_ _" • •

e



@



cO
O_

0 _- 0
z_

U-

o

0



I

v

Z
LU

/

UJ

o%°
I--

_z_ z
W

I-- W a.

-- W W

_O.J _ _-
W_-J u-

_o o o

I

n _ _.

OZ 0 (6 0re



f

__o

olo

0c

z

o
0 ,, _: z

LLI ILl

CO rr _ I.LI
LI.I ILl >" rr
0 I-.. ..I

Z _: z .< o-- -- Z :E
w 0 _ 0

0 o: ,,, _- o:
o cc z ,,
-- I-- I- l-

rr 0: o z o
0 '" _ 0 ._
IJ- Z rr 0 u.LLI

_ ,,,,,,
Z rr ZZ

g oonO n_
_rn t_rr's_ _ ,,,z ,,,,,, _= ccfrO frO.

z
0 0 • • " "

y



_J"llE



f
D

er

cO

f,/) .,.c

o _ _.
I-. ::) 0

,_,_,=,, .-, o
o_.r:_ ,,o,

0. c ILl

a
LLI

0._

'_ ILl I_ 1.1.1

0 z



CO

p

-=- _ _

o

n_

I

0

!.1.1 0
0 ..I

0

r--.., rr'
_ ILl(/) ILl O;



f I0
o __

_l, IJ

._1

re



I

°_o

o_O_

i u_ &en



@

t-u-j

©

,--J1

©





>.
• • • • •



_W
n_



O_
00
O_

IX 14.1



cO

co _

_J

Z w
0 o

=.



f





i

r

o o _
m __.J

_u4
0-t9

n-

w_ 0 _O_

WW_
DD = RD _D7

_o _oo >= m__o=oo

_ z__ _--



F o_co

_ LLJ e_

t) F- _r

o°_

Z
0

Z



W



°_ co

_..d-_ I,I,I

o_ol
_o o _
m

w
a

w M

I IJ.l o



r I,
o I:1:

_1.. d
_i-°'''8"

_ _ u.,,i

o_ ,-I _

__..J
,.-,_

_N

I • • • • • •



n- ILl ,,-"

o__.o.

o_

_U,.l

Z
0

r_o ,,: =:
_o _-

Ow _ _

U_o,, o_
o o:,- ,,,=,of_=--,o _ ...,,,1.1.1_.1 !,,I.I

• • • • • • • •



f 0")

i, 0"_

..0

o_ o

o_ _ _

_oO_

!

W

0
>
0

Z
W

Z
v

w 0 0
_ m
_ ,

w w w w

_ W
•- _ o _ o

w 0 m



_ 1.1.1
@

J_

@

©



I--

I.I- (/) rJ C)

..! p...m Z



f 0'_

cO

,o,,

um

m

0.._

lib/

v

Z
O.

n-
r,..9
0

0

_.,: LU :c

_ N z

W

>-
if}

>-

ILl
-1-
0

U.I
N

..1

Z

0
U..

0
ILl
O.

Z
0

ILl
F-
ILl

"I"
O.

ILl
0

ILl

m

CO

.-i

Z

0
Z
m

0
i--
m

Z
0

ILl
Z

LI.I

0

gO
0

1,1
0
m

>
ILl
0

0
Z
..I
LLI
O0

..I

Z
LLI

0
1.1.1
0..
O0







o
o _,'fi.I"_

I_'_1

I s; OI _.

I°

v.di_l

0

i.. m
_-0

a_

0 o

wo _'
c0Z z

o._ _'o _o _:
X_ 0"1-

z

o

0 0





f

o_,,,_°

_0 W_

_ O_ O_

0 _

o_ o_- _o __o __ =_ 8°___



_o

o
m :.Oh



o
/_°_
/,_<_

i°

0

I-
:. £

a
u

_- _d

/r_



f

_o I_ C



I

O0

rr 111 .

...°
i_ l,u

ioo "0
0

C
fin

0
X
111

,_,I
=if

111
N

|

ILl -.I

X

W

Z
m

_J

w

0 rr
0 W OC
_.1 LIJ !-= nnn

0
nO.=' _ --=

• • • • o •,,,..____ _



THE
SPACE STATION FREEDOM

BIOMEDICAL MONITORING
AND

COUNTERMEASURES
(BMAC)

PROJECT

JSC

EQUIPMENT DEFINITIONS



BMAC EQUIPMENT DEFINITIONS

February 9, 1989 2:30 P.M.

i

Bioimpedance Analyzer: Can be used to estimate beat by beat

changes in stroke volume and provide an estimate of cardiac output.

The bioimpedance analyzer also can be used to determine lean body

mass.

Blood Collection System:
blood.

Equipment for the routine sampling of

Blood Flow and Plethysmography System: The peripheral Doppler

velocimeter will allow quantification of peripheral blood flow. The

plethysmograph portion of the system is used to detect changes in

limb volume, hypovolemia (fluid status), changes in muscle tone, and

peripheral blood flow.

Blood Pressure Instrumentation: The blood pressure device is used

for the non-invasive measurement of both systolic and diastolic

blood pressures.

Carotid Sinus Baroreceptor Stimulator: This device stimulates the

pressure receptors located in the carotid sinus and is used to test

autonomic dysfunction. Pressure applied above the carotid sinus

should cause a reflex bradycardia.

Cell Handling Accessories: Tools used to transfer cells from

specimens to microscope slides in a microgravity environment.

Cell Harvester: Equipment for harvesting tritium labelled leukocytes

for the mitogenic stimulation assay which measures immune

function.

Centrifuge, Hematocrit:

erythroeyte mass.

Equipment for determining relative

Centrifuge, Refrigerated: Device for separating various biological

samples by gradient centrifugation in a temperature controlled
environment.



Chemistry System: An instrument used to determine the levels of
compounds in blood and urine (e.g. urea, glucose, calcium, bilirubin,
hemoglobin, etc.).

t

Controlled Testing Unit: A set of equipment to be used in conjunction

with various pieces of experimental equipment for the procedures of

set-up, storage, containment, manipulation, etc.

Crew Debrief/Analysis Software: Used to determine and analyze

crew behavior in terms of changing mood/motivation patterns and

interpersonal conflict.

Drug Administration Equipment:

pharmocologic intervention in
demineralization.

Equipment to be used for
the treatment of bone

Echocardiogram/Doppler Velocimeter: The structures of the heart,

cardiac dimensions and ejection fraction can be determined using 2D

Echo. The flow of blood through the valves, aorta, and pulmonary

trunk can be measured with a Doppler velocimeter. Cardiac output
determinations can be performed with these devices .

Echocardiograph Recording Device: This device is used for the

determination of heart rate and rhythm and will be used during the

cardiovascular and exercise experiments.

Electoencephalogram: Used to monitor astronauts brain wave

activity during a wide range of activities.

Electromyograph Recording Device: This device detects the electrical

activity of a skeletal muscle during Contraction.

Electro-oculograph Recording Device: A device to monitor the

electrical activity of the muscles controlling eye movement. This will

be used to correlate vestibular function with task performance.

ELISA Reader: Instrument for quantifying the levels of

erythropoietin or specific antibodies in serum for each well of an

ELISA plate.

Equi-Test Posture Platform: Presents subject with random

perturbations as a part of movement coordination testing.



Equi-Test Instrumentation Racks" Controls posture platform,
performs data acquisition, and amplifies incoming electrical signals.

Ergometer: The bicycle ergometer will be used as the exercise

modality during graded exercise testing to determine both the

aerobic capacity and anaerobic power of an individual.

Experiment Control Computer System: Computer System to process

and store all data related to the life science experiments.

Experiment Control Data Interface" This equipment performs

acquisition, formatting and transmission of data from vestibular
studies.

Fecal Monitoring System: Provides for fecal collection and

measurement, and allows for sample extraction; to be used for

measuring calcium balance and absorption.

Flow Cytometer: Instrument for measuring the number of blood

ceils, and leukocyte functions.

Fluid Handling Tools/System: System for supplying the necessary

fluids to equipment, recovering reusable fluid, and disposing/storing
of biohazardous fluids.

Freeze Dryer: Used to preserve samples from calcium balance

studies for ground-based analysis.

Freezer ( -200 C):

periods of time.

Stores serum, urine, blood, and reagents for long

Freezer ( -70 o C): Used to freeze samples from calcium balance

studies for ground-based analysis.

Fundus Camera: A hand-held instrument used in examining the

fundus region of the retina for physiological responses to spaceflight
and vascular disease.

Goniometer and Recorder: An instrument used to measure the range

of motion of joints (angles) of crew members in microgravity.



Hard Tissue Imager: A measurement device to monitor Patterns and
rate of bone loss inflight.

Heidelberg pH Capsule System: A frequency modulated, radio signal

measuring receiver with meter and recorder used for monitoring

gastrointestinal physiology in terms of pH.

HPLC: Separates and identifies components of biological samples for
evaluation.

Image Digitizing System: Examines the morphology of cells and

subcellular components in blood ceils along with the microscope

system.

Impedance Meter: A device used to insure low impedance when

measuring bio-electrical impulses.

Incubator( 37 ° C ): Equipment for growing tissce culture cells.

Incubators, Centrifugal (2): Equipment for the mitogenic stimulation

assay simulating a lg environment in space.

Ion Chromatograph: An instrument used to measure both anion and

cation contaminants in urine, as well as to determining serum

potassium levels during flight.

Isokinetic Dynamometer: The isokinetic dynamometer is used to

quantifystrength and fatigue changes.

Lab Sciences Workbench: A bench where samples not requiring

bioisolation can be prepared for storage or analysis; will be used in
calcium balance studies.

LBNP: The LBNP device is used for testing orthostatic responses by

inducing fluid shifts to the lower extremities and may be potentially

used as a countermeasure for orthostatic intolerance.

Life" Sciences Glovebox: Provides an isolated environment for aseptic

handling and transferring blood cells and tissue cultures.



Mass Measurement Device (body): Used to determine the mass of

subjects in microgravity. The device will assist in providing data to

quantify degree of hypovolemia, sweat loss during exercise, and lean

body mass changes.

Mass Measurement Device (small): Will be used to measure

specimens in the range of 1 mg. to 10 kg. in microgravity such as
vomitus and uneaten food in calcium balance studies.

Mass Spectrometer (MGAS): The MGAS is used to determine the

aerobic work capacity of an individual. Data collected during a

graded exercise test with the MGAS can provide a non-invasive

estimate of blood buffering capacity.

Microscope System: Examines the morphology of human cells and

subcellular components in conjunction with the image digitizing

system.

Mitogen Culture Device: An enclosed device which dispenses cells,

mitogens, or media into the appropriate wells of a culture plate.

Model 12 Microlyzer: Breath hydrogen analyzer used to measure

gastrointestinal transit times.

Motion Analysis System: The motion analysis device will provide

data on locomotor patterns primarily during treadmill exercise, as

well as providing information during posture studies. This data may

also be useful in determination of the ability to rapidly egress. This

system also includes monitors for accumulating data in terms of

dextrous manipulation of commonly used items, i.e. joysticks, tuning

controls, etc.

Multichannel Data Recorder: Used to collect and record signals

generated by the ECG, EEG, EMG, and other analysis equipment.

Osmometer: Device used to measure the osmolality of urine samples.

Passive Dosimeter: A device used to measure exposure to radiation

which Will be required if tomography is used to measure bone

density.



pH Meter/Ion Specific Analyzer:
acid-base status of the urine.

An instrument used to measure the

Radiation Shielded Locker: Stores and holds all radioactive materials

used for labelling specimens.

Radioimmunoassay: A device in which hormones, antigens,

antibodies, drugs, and other substances occurring in minute

quantities are measured using radioisotopes.

Refrigerator (40 C): Stores samples and reagents for short periods of
time.

RIA Preparation Device: A device which would prepare blood or

urine samples for use in conjunction with the radioimmunoassay.

Saliva Collection Device:

specimens.

A device to safely collect human saliva

Sample Preparation Device: Instrument for processing various

biological samples (blood, urine, saliva) for further downstream

analysis.

Scintillation Counter: Measures the radioactivity of samples labelled

with radioisotopes emitting bets radiation such as tritium.

Slide Preparation Device: A device which prepares blood samples on

a slide for viewing with the microscope.

Space Station Audio and Video Equipment: Used to record crew

meetings and/or crew operations during spaceflight. This also

provides the capability of private downlink time between crew

persons and ground based individuals.

Specimen Labelling Device: A device capable of labelling containers

and specimens, which can then be automatieally read and entered

into a database which contains all of the information pertaining to

that particular sample or specimen.

Spectrophotometer(UV/VIS/INR): Equipment used to measure light-

absorbing components in solution.



Subject Interface Box: Conditions EOG, accelerator, goniometer and
video signals, and transmits them to the ECDI during vestibular
studies.

I

Telethermometer/Rectal Probe: The telethermometer is used to

obtain measurements of core temperature.

Ton ometer:

pressure.

An instrument used to monitor changes in intraocular

Treadmill: Will be used to simulate weight-bearing exercise to

ameliorate bone demineralization.

Urine Monitoring/Analysis Device: Provides for the collection,

volume measurement, and sampling of individual micturations, as

well as some chemical analyses.

Visual Function Testers: Designed to test several parameters of

human vision includ,;ng visual acuity, muscle balance, retinal rivalry,

contrast threshold and target accommodation.

Visual Tracking System: Provides a controlled stimulus for eye

movements during vestibular studies.

Voice Recorder: Used to record subjective perception of motion

during voluntary head movements on orbit.

Wrist Activity Monitor: Needed to monitor patterns in limb motion

during prolonged periods in mierogravity.
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PRELIMINARY BMAC EQUIPMENT REQUIREMENTS
2/9/90 11:30 A.M.

Equipment Name

Bioimpedance Analyzer Incubators, Centrifugal (2)
Blood Collection System Ion Chromatograph

Blood Flow and Plethysmography System Isokinetic Dynamometer
Blood Pressure Instrumentation

Carotid Sinus Baroreceptor Stimulator

Cell Handling Accessories
Cell Harvester

Centrifuge, Hematocrit
Centrifuge, Refrigerated
Chemistry System
Controlled Testing Units
Crew Debrief/Group Analysis Software

Drug Administration Equipment
Echocardiograph/Doppler Velocimeter
Electrocardiograph Recording Device
E1 ect roenc eph alogram
Electromyograph Recording Device
Electro-oculograph Recording Device
ELISA Reader

Equi-Test Posture Platform
Equi-Test Instrumentation Rack
Ergometer (bicycle/rower)
Experiment Control Computer System
Experiment Control Data Interface
Fecal Monitoring System
Flow Cytometer
Fluid Handling Tools/System
Freeze Dryer

Freezers (-20 °C)

Freezers (-70 oc)
Fundus Camera
Goniometer and Recorder

Hard Tissue Imager
Heidelberg pH Capsule System
HPLC

Image Digitizing System
Impedance Meter

Incubator (37 °C)

Lab Sciences Workbench
LBNP
Life Sciences Glovebox

Mass Measurement Device (Body)
Mass Measurement Device (Small)
Mass Spectrometer (MGAS)
Microscope System
Mitogen Culture Device
Model 12 Microlyzer
Motion Analysis System
Multichannel Data Recorder
Osmometer
Passive Dosimeter

pH Meter/Ion Specific Analyzer
Radiation Shielded Locker

Radioimmunoassay

Refrigerator (4 oc)
RIA Preparation Device
Saliva Collection Device

Sample Preparation Device
Scintillation Counter

Slide Preparation Device
S.S. Freedom Audio & Video Equipment
Specimen Labelling Device
Spectrophotometer
Subject Interface Box
Telethermometer/ Rectal Probe
Tonometer
Treadmill

Urine Monitoring/Analysis Device
Visual Function Testers (I, II, III)
Visual Tracking System
Voice Recorder

Wrist Activity Monitor

NUMBER OF ITEMS: 75



Power and Volume for BMAC usod _::lulprnent _14,_0

,,._,,o. .... r vo-i ,o..,!_kilogrsms) (cubic meters I (kilowatts}

B_oimpedanoe Anah/zer 4.S4 0.005 0.002

BiDed Colk_'lion System 21.60 0.010 none

Biood Flow and PSethysmograpt_y Syslem 25.00 0.042 0.090
Blood Pressure Instrumentation 15.50 0.022 0.200

Carotid Sinus Baroreceptor Stimulator 45.30 0.124 0.225

Cell Handling Accesaorles 1.00 0.010 none
Cell Harvester 29.00 0.042 0.050

Centrifuge. Hamalocr;1 0.83 0.001 batlcrlee

Centrifuge. Refrigerated 26.00 0.092 0.200

Chemistry System 23.00 0.003 0.100
Controlled Testing Units 109.80 0.525 0.D00

Crew Debrlef/Analyals Software none none none

Drug Adrnlnl*,trstlon Equipment 1.00 0.005 none

Echocardiog raph/Ooppler Veloclrnster 70.00 0.200 0.600

Electrocardiograph Recording Device 5.50 0.008 0.100
Electroencephalogram 1.30 0.005 none

Electromyogra.ph Recording Device 2.00 0.007 0.020

Electro-oculograph Recording Device 2.00 0.007 0.020
EUSA Ruder 6.00 0.200 0.100

Equi-Test Posture Platform ground ground ground

Equi-Test instrumentation Racks ground ground ground

Ergometer (Bicycle/Rower) 56.70 0.425 0.025

Experiment Control Computer System 67.00 0.278 0.250

Experiment Control Data Interlace 33.82 0.037 0.560

Fecal Monitoring System 25.00 0.118 0.050
Flow Cytometer 36.00 0.235 0.500

Fluid Handling Tools/System 80.00 0.480 0.100

Freeze Dryer 10.00 0.067 0.140

Freezer {-20 degrees centigrade) 120.00 0.480 0.300

Freezer (-70 degrees ceni_rade) 120.00 0.460 0.300
Fundus Camera 2.00 0.003 0.000

Goniomeler and Recorder 2.40 0.007 0.025

Hard Ttuue Imager ground ground ground

Heidelberg pH Capsule System 12.60 0.015 0.070
HPt.C 40.00 0.120 0.100

image Digitizing System 31.00 0.094 O.SO0

Impedance Meter 0.62 0.004 none

Incubal:or {37 degrees centigrade) 50.00 0.160 0.400
incubators, Centrifugal (2} 60.00 0.320 0.500

Ion Chromatograph 31.00 0.097 0.460

Isoklnstic Dynamometer 64.82 0.479 1.100
Lab Sciences Workbench 350.00 0.960 0.800

L.BNP 20.00 0.150 0.060

Lilt Science. Giovebox 350.00 0.960 0.800

Muds Measuremer_ Device (Body) 34.50 0.651 0.020
Mass Measuremect Device (Small) 17.00 0.050 0.015

Mars Spectrommer (MGAS) 40.70 0.066 0.150

Microscope System 100.00 0.400 0.400
Mitogen Culture Device 2.00 0.007 0.150

Model12 Microlyzcr 7.30 0.016 0.112

Motion Analysis System 8.70 0.010 bstterlee
Muitlchannal Data Recorder 20.00 0.073 0.060

Osmomelcr 5.40 0.016 0.020

Pal.siva Dosimeter 35.00 0.085 none

pH Meter/Ion Specific Analyzer 7.00 0.004 batteries
Rsdiatlon Shielded Locker 60.00 0.200 0.000

Radtolmmuno_lsMy 20.00 0.053 none

Refrigerator (4 degrees centigrade) 40.00 0.150 0.450
RIA PmparJtton Devine 2.00 0.007 none
Saliva Collection Device 0.17 0.001 none

S&mple Preparation Device (4 p;u'[s) 32.40 0.243 0.150

Scintillation Counter ground ground ground

Slide PrepataZicn Device 2.00 0.007 0.020

Space Station Audio & Video Equipment no cost to BMAC no cos_ to BMAC no coal to BMAC

Specimen L&belJing Oevioe 4.00 0.010 0.020

Spectrophotomater 40.00 0.110 0.300

Sub,c[ Interlace Box 4.33 0.018 none
Telsthermometer 15.00 0.01g 0.014

Tonometer 0.06 0.001 none
Treadmill 82.55 0.450 0.500

Urine Monitoring/Analysis System 00.00 0.300 0.200

Visual Function Teeters (I.I1.111) 6.80 0.120 batteries

Visual Tracking System 1.77 0.012 none
Voice Recorder 0.20 0.001 none

Wrist Activity Monitor 0.10 0.001 batteries

Totele 2703.71 10.S 00 11.448
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Maar_ Power. Volume and Deveiopm_m ProGram for _C userJ Equipment 2/14_0

(kilograms} (cubic meters) (kilowatts] Program

Bioimpedance Analyzer 4.54 0.00S 0.002 E:_
Blood Collection Syelem 21.60 0.010 _

Blood Flow and Plathysmoorlphy System 25.00 0.042 0.090 EMAC
Blood Pressure InstrumantatJon 15.50 0.022 0.200 Bkta_

Carotid Sinus Sarorecaptor Stimulator 45.30 0.124 0.225 BI_4C

CeU Handling Accessories 1.00 0.010 none BMaC
Cell Harvester 29.00 0.042 0.050

Centrifuge. Hemetocrlt 0.83 0.001 batteries BMAC

Centrifuge. Refrigerated 26.00 0.092 0,200 BMAC

Chemistry System 23.00 0.093 0.100 HIvIF

Controlled Telling Units 109.80 0.525 0.000

Crew Debrml/Anaiysia SoMware none none none BIW_C

Drug Administration Equipment 1.00 0.005 none HUF

Ecfloclrd/og raph/0opple r Veloclmeter 70.00 0.200 0.600 WP-01

Electrocardiograph Recording Device 8.SO 0.008 0.100 E_F

Electroencephalogram 1.30 0.00S none EM/IC

Eiec_mmyograph Recording Device 2.00 0.007 0.020 EMAC
Eleclro-oculograph Recording Devtce 2.00 0.007 0.020 BMN_
ELiSA Reader 6.00 0.200 0.100 BMAC

Equi-Test Pollute Platform ground ground ground lwY')

EquI-Test Instrumentation Racks ground ground ground _O

Ergometer (Bicycle/Rower) 55.70 0.425 0.02S

Experiment Control Computer System 67.00 0.278 0.250 BMAC
Experiment Control Data Intedlce 33.82 0.037 0.560 IML-1

Fecal Monitoring System 25.00 0.118 0.050

Flow Cylomater 35.00 0.235 0.S00 _MAC

Fluid Handling Tools/System 80.00 0.480 0.100 WP-01
Freeze Drylr 19.00 0.067 0.140 WP-01

Freezer (.20 degress centigrade) 120.00 0.480 0.300 WP-01

Freezer (-70 degrees centigrade) 120.00 0.480 0.300 WP-01
Fundus Camera 2.00 0.003 0.000 B,UAC

Goniometer ar_ Recorder 2.40 0.007 0.025 EMAC

Hard Tissue Imager ground ground ground E&W_C

Heidelberg pH Capsule System 12.80 0.015 0.070 EMAC
HP'L.C 40.00 0.120 0.100 WP-01

Image Digitizing System 31.00 0.094 0.500 BMAC

Impedance Meter 0.82 0.004 none iML-1

Incubator (37 dogreee Clmflgrede) 50.00 0.160 0.400 WP.01
Incubators. Centrifugal (2) 80.00 0.320 0.600

ion Chrorrmtogrsph 31.00 0.087 0.480 B-IS

Isoklnetic Dynamometer 84.82 0.479 1.100
Lab Sciences Workbench 350.00 0.960 0.800 WP-01

I..BNP 20.00 0.1S0 0.050
Life Sciences Glovebox 350.00 0.960 0.800 WP-01

Mass Measurement Device (Body) 34.50 0.651 0.020 SLS

Mass Measurement Device (SmaJl) 17.00 0.080 0.015 WP-01

Mass Speclmrneter (MGAS) 40.70 0.086 0.150

Microscope System 100.00 0.400 0,400 WP-01

MitoGen Cullure Device 2.00 0.007 0.150 BMAC

Model 12 Microlyzer 7.30 0.018 0.112

Motion Analysis System 8.70 0.010 batlerles mJAC
Multichannel Data Recorder 20.00 0.073 0.060 BMAC

Osmomoler 5.40 0.016 0.020
Passive Dosimeter 35.00 0.055 none WP-01

pH Meter/ion Speclf|c Analyzer 7.00 0.004 batteries WP-01
Radiation Shielded Lock+r 80.00 0.200 0.000 WP-01

Radiolmmunoasssy 20.O0 0.053 none BkYv_

Refrigerator (4 degrees centigrade) 40.00 0.150 0.450 WP-01
RIA Prop_uetlon Oev_ 2.00 0.007 none
Saliva Colioction Device 0.17 0.001 none I_AAC

Sample Preparation Device (4 I:_la) 32.40 0.243 0.150 BMAC

Sc|ntlllatlon Counter ground ground ground BMAC
Slide Preparation Device 2.00 0.007 0.020 BIv_C

Spac_ Slaflon Audio & Video Equipment no cost Io SMAC no cost Io BIv_+C no cost Io BMAC S.S.F.

Specimen Labelling Device 4.00 0.010 0.020 WP-01

Spectrophotomatet 40.00 0.110 0.300 • WP-01

SubJe_ interface Box. 4.33 0.018 none IML-t
Telethermameler 15.00 0.019 0.014

Tonomater 0.06 0.001 none

Tr eadmill _ 82.SS 0.4S0 0.$00 B::F

Urine kJ,onitorin_Analysls System g0.00 0.300 0.200
V_lual FuncUon Teatero (hll.lll) 0.80 0.120 batteries AFMFL

Vleu_d TrackJng Syltem 1.77 0.012 none IML-1
Voice Recorder 0.20 0.4)01 none .qHU'Z_'L_

Wrist Actlvlly Monitor' 0.10 0.001 batteries IML-2

Totals 270:1.71 10.600 11.448

Page I



S.S. FrNdom klaM. Volume. lind Power charges to BMAC 2/14_0

I Equipment Name I Mass Volume ! Power I Development
(kilograms) [cubic met/re} (kilowatts| [ Program

i

Blood Collection System 21.60 0.010 none BA/AC

Blood Flow and Piethysmogrlphy Sysl 25.00 0.042 0.000 I_tdAC
Blood Pressure instrumentation 15.50 0.022 0.200 B/vlAC

Carotid Sinus Baroreceptor Stimulate 45.30 0.124 0.225 BItM,C

Cell Handling Accessories 1.00 0,010 none BMAC
Cell Harvester 20.00 0.042 0.050 B/AtC

Centrifuge. HemstocrK 0.83 0.001 batteries BMAC

Centrifuge, Refrigerated 26.00 0.092 0.200

Controlled Testing Units I0g.00 0.525 0.000 B_AC

Crew Debrief/Analysis Software none none none

Electrocardiograph Recording Device 8.50 0,003 0.100 83F

Electroencephelogram 1.30 0.005 none BM4C

Electromyograph Recording Device 2.00 0.007 0.020 BM4C

Electro-oculograph Recording Device 2.00 0.007 0.020 BMAC
ELiSA Reader 6.00 0.200 O. 100 EA44C

Experiment Control Computer System 67.00 0,278 0.250 BM,AC

Experiment Control Data intedece 33.82 0.037 0.SeO IML-t

Fecal Monitoring System 25.00 0.118 0.050 BMtC

Flow Cylometer 30.00 0.235 0.500 BJW_
Funclus Camera 2.00 0.003 0.000 BMAC
Gonicmeter and Recorder 2.40 0.007 0,025 B/VIAC

Hard Tissue Imagor ground ground ground BMAC

Heidelberg pH Capsule Sys=em 12.80 0.015 0.070 Bkt=_C

image Oigillzing System 31.00 0.094 0.500 BMAC

Impedance Meter 0.82 0.004 none IML-t

Incubators. ConttifugaJ (2) 80.00 0.320 0.000
LBNP 20.00 0. t 50 0.050

Mass Measurement Device (E_o_/) 34.50 0.651 0.020 SLS

Mess Spectrometer (MGAS) 40.70 0.068 0.150

Mitogen Culture Device 2.00 0.007 0.150 BM,=_

Model 12 Mictoiyzer 7.30 0.018 0.112 BAAAC:

Motion ,Analysis System 8,70 0.010 batteries IS]MAC
MuilJchennel Date Recorder 20.00 0.073 0.000 BAAAC

Osmometer 5.40 0.016 0.020 BA4AC

Radioimmunoassay 20.00 0.053 none EA4a,C
RIA Preparation Device 2.00 0.007 none B.MAC
Saliva Collection Device 0.t7 0.001 none B,V,AC

Sample Preparation Device 32.40 0.243 0.150 BMAC

Scintillation Counter ground ground ground BMAC

Slide Preparation Device 2.00 0.007 0.020 BMAC

Subject Interlace Box 4.33 0.018 no_e IML-1
Telethermometer 15.00 0.019 0.014 BMAC
Tonometer 0.06 0.001 none BMAC

Urine Moni10ring/Analysb, System 90.00 0.300 0.200 BMAC

Visual Function Testers (I,Jl,lll) 6.80 0.120 batteries AFMRL

Visual TracKing System 1.77 0.012 none IML-1
Voice Reoorder 0.20 0.001 none SHUTn_

Wrist Activity Monitor 0.10 0.001 bettarleo IML-2

Totals 898,10 4,000 4.515

BMAC Funding

Requirements

total

total

total

total

total

total

total
total

total

total

I addittonaJ

total
total

total

lotal

Iolii

modlflcellon

1olii
tolal

lotel

lotel

Iolii

lolal

tolal

I add_lonaJ
modlllcatlon

total

modification

total

tote!

total
total

total

Iolii

tolll

total

totel

totel

lolel

tolll

modification
total

total

lotel

1101141

modlllcatlon

1 additional

1 additionaJ
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WP-011S.S.FreedomBaselineProvidedItems 2/9/90

Nm i . i re_j po.,i..°pontj(kilograms) (cubic meter=} (kilowatts) Ptocirem

Echocerdiograph/Doppler Veloclmeler 70.00 0.200 0.600 WP-01

Fluid Handling Tools/System 80.00 0.480 0.100 WP-O_

Freeze Dryer 19.00 0.0(;7 0.140 WP-0t

Freezer (-20 degrees centigrade) 120,00 0.480 0.300 WP.0t

Freezer (-70 degrees centigrade} 120.00 0.480 0.300 WP..O|
HPt.C 40.00 0.120 0.100 WP.0!

incubator (37 degrees centigrade) 50.00 0.160 0.400 WP-0!
Lab Sciences Workbench 3-';0.00 0.960 0.800 WP-O!

Life Sciencee Glovebox 350.00 0.960 0.800 WP*Ot

Mass Measurement Device (Small) 17.00 0.000 0.O_S WP-0!

Microscope System 100.00 0.400 0.400 WP-Ot
Pesldve Dosimeter 35.00 0.085 none WP.0t

pH Meter/Ion Specific An&ly'zer 7.00 0.004 b=lterioe WP-01
Radiation Shielded Locker 80.00 0.200 0.000 WP-01

Refrigerator (4 degrees centigrade) 40.00 0.150 0.450 WP-01

Space Station Audio & Video Equipment no cost to BMAC no cost Io (]MAC no coat to BMAC S,S.F.
Specimen Labelling Device 4.00 0.010 0.020 WP.Ot

Spectrophotometer 40.00 0,110 0.300 WP-01

Totals 1522.00 4.946 4.725

P=_I 1



CHeCSProvkJed_eml 2/9/90

Equipment Name

BIo|mpedance Analyzer
Chemlslry System

Drug Administration Equipment

Ergomelet {B)cycJe/Rower)

Ion Chromalogrlph

Isoklnellc l_namoml, tsr

TreJ_dmlll

Totals

Mass Program I
+°,,...,i v°-i ,o_ I_.,o+.°,l(cubic met_s) (kllowlttl)

I I I

4.54 0.00S 0.002 I_F

23.00 0.093 0.100 HMF

1.00 0.00S none HMF

58.70 0.425 0.025 B:;F

31.00 0.097 0,480 I_S
84.82 0.479 !.100 B:]=

82.55 0.450 0.500 I_F

283.11 1.S54 2.207

Page I



2/WgO
Shutlle/SpacelabProvk:_:lItems

' " • I Power JDevelopment[Nwna Mass I Volum i •

EquI-TostposturePlatform ground ground ground
EquI-TestInstrumentation Racks ground ground ground

0.00 0.000 O.OOO
"Totals

p_el



BMACEquipment Funding RelpOnli_el 2/9/90

I Equlpm_'_t Name I DevelopmentJ FundingProgram i

BIoJmpedancl Analyzer B::F none

Blood Collectkm System _ total

Blood Flow and Plethysmogrlphy Syslom Bk_C total
Blood Pressure Instrumentation _ total

Carotid S{nus Bemre_plor stimulator BP_C Iolal

Cell Handling Acomumrles _ total
Cell Hatvoster BVIAC total

Centrifuge, Hamatoorlt BMAC total

Centrifuge. Refrigerated BMAC total
Chemistry System t,M: modification

Controlled Telling Units BMAC total

Crew Debrief/Analysis Softwaro BMAC total

Drug Administration Equipment HMF none

EchocardiograpWDoppier Vsloclmeter WP-01 none

EJectrocardiograph Recording Device ECF' modification

ElectroencephaJogram BMAC total

Electromyograph Recording Device BNIAC total
Electro-ocuiograph Recording Device BNV_ total
ELISA Reader BEMC total

Equi-Test Posture Platform B_O modification

Equi-Test Instrumentation Racks E[:O modification

Ergometor (Bicycle/Rower) E_F none

Experiment Control Com_uter Syr.tsm BMAC total
Experiment Control Data Interlace IML-1 modification

Fecal Monitoring System Bkf_C fetal

Flow Cylomater _ total

Fluid Handling Tools/System WP-01 none

Freeze Dryer WP-01 none

Freezer (-20 degrees ¢mntigrade) WP-0t none

Freezer (-70 degrees centigrade) WP.0t none
Fundus Camera _ total

Goniometor and Recorder BMAC tolal

Hard Tissue Imager BMAC ground

Heidelberg pH Capsule System BMN_ total
HPI_C WP-01 none

Image Digitizing System BMAC total
Impedance Meier IML-1 1 additional

Incubator (37 degrees centigrade) WP-01 none

Incubators, Centrifugal (2) BMAC modification

Ion Chrorr_tograph _ none
Isoklnetlc Dynamometer BCF none
Lib Sciences Workbench WP-01 none

I.B.NP BMAC total

Ufe Sctonces Glovebox WP-01 none

Mass Measurement Device (Body) SLS modification

Mass Measurement Device (Small) WP-Of none

Mass Spectrometer (MGAS) _ total

Microscope System WP-01 none

Mttogen Culture Device Bt_dC total

Modal 12 Microlyzer BMAC total

Motion Analysis System BMAC total
Muttichannel Data Recorder BMAC total

Osmomoter BMAC total

Passive Dosimeter WP-01 none

pH Meter/Ion Speclf/¢ Ana/yzer WP-01 none
Radiation Shiek_ed Locker WP-Ot none

RadlotmmunoaKsay _ t o t al

Refrigerator (4 degrees centigrade) WP-Ot none

RiA Preparation Device _ total
Saliva Collection Device BMAC total

Sample Preparation Device (4 paris) _ total

Scintillation Counter _ ground
Slide Preparation Device BMAC total

Space Station Audio S Video Equipment S,S.F. none

Spec_mdn Labelling Device WP-01 none

Spectrophotomelar WP-01 none

Subject Interface Box IML-t modification
Telethormomater BMAC total

Tonometer _ total
Treadmill _ B::F none

Urine MonllorlnglAnalylls System BMAC total

Visual Function Testers (I,I1.111) AFMRL none

Visual Tracking System IML-1 modification
Voice Recorder _HUTTLE 1 additional

Wdst Activity Monllor IML-2 I addllionaJ

Totsls

Esllmated

Cost tics)

0

640

1389

1497

877
68

6437

45

4417

528

257

194

0

0
50

521

488

869

3587

120

30

0
4005

107

4551

4102

0
0

0

0

120

52

0

75
0

4253

15

0

3515

O
0

0

1212

0
75C

0

4963

0

2743

250

337

2596

150

0

O
0

1100

0

101

15
12599

0

3100

0

0

0
3O

798

81

0

5910

0
2O

6

12

79390
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Mass,Power,Volume, Devoipment and Func_ng for BMAC usm:l Equipment 2/14/90

r I 1Equipment Name Mass Volume Power J
(kilograms) (cubic meters) (kilowatts)

Requirements I

Biolmpedence Analyzer 4.54 0.005 0.002 B_F none

Blood Collection Sysmm 21.50 0.010 none _ Iota/

Sk)od Flow and Plethysrr, cgcaphy Syst 25.00 0.042 0.090 BMAC total
BIDed Pressure Instrumentation 15.50 0.022 0.200 BMAC total

Catolld Sinus Baroreceptor Stimulate 45.30 0.124 0.225 Bk.tAC total

CaU Hand,n 0 Accessories 1.00 0.010 none _ total
Cell Harvester 20.00 0.042 0.050 EI_sC total

Centrifuge, Herr,tlocrtl 0.93 0.001 batteries 8MAC total

Centrifuge, Refrigerated 26.00 0.092 0.200 BMAC total

Chemistry System 23.00 0.093 0.100 I-M: modification

Controlled Testing Units 109.80 0.525 0.000 BMN:: total

Crew Debrief/Analysis Software none none none Bk_C total

Drug Admlnlstr_loo Equipment 1.00 0.005 none HMF none
Echocatdiog raph/Dopple r Veloclmeter 70.00 0.200 0.600 WP.01 none

Electrocard_gre,oh Recording Device 8.50 0.008 0.100 _ modification

Electroencephalogram 1.30 0.005 none _ Iolal

Electromyograph Recording Device 2.00 0.007 0.020 EMAC total

E)ectro.oculograph Recording De'_ce 2.00 0.007 0.020 BM_C totaJ
EUSA Render 5.00 0.200 0.100 _ total

EquI-Test Pasture P/el/ore ground ground ground BJO ground

Equl-Teet Instrument=tlon Racks ground ground ground EZ):) ground
Ergometor (Recycle/Rower) 56.70 0.425 0.025 _ none

Experiment Control Computer System 67.00 0.278 0.250 Et,aAc total
Experiment Centre; Data Interlace 33.82 0.037 0.580 IML-1 modification

Fecal Monitoring System 25.00 0.118 0.050 BMAC total

Flow Cylometer 36.00 0.235 0.500 BMAC total

Fluid Handling Tools/System 80.00 0.480 0.100 WP-01 none
Freeze Dryer 19.00 0.067 0.140 WP-01 none

Freezer (-20 degrees centigrade) 120.00 0.480 0.300 WP-01 none
Freezer (-70 degrees centigrade) 120.00 0.480 0.300 WP-01 none

Fundus Camera 2.00 0.003 0.000 _ total

Gonlometer and Recorder 2.40 0.007 0.025 BMAC total

Hard Tissue Imager ground ground ground BMN_ ground
Heidelberg pH Capsule System 12.80 0.015 0.070 BMAC total

HPLC 40.00 0.120 0.100 W P-01 none

image DJgilizing System 31.00 0.094 0.500 BMAC fetal
Impedance k_ter 0.82 0.004 notla IML-1 1 additional

Incubator (37 degrees centigrade) SO.O0 0.160 0.400 WP-0t none

Incubators, Centrifugal (2) 80.00 0,320 0.800 BM,aC modification
Ion Chrorr_togreph 31.00 0.097 0.480 _ none

leek|noteD Dynamometer 84.82 0.479 1.100 E_F none
Lib Sciennee Workbanoh 350.00 0.960 0.800 WP-01 none

LIBNP 20.00 0,150 0.050 8MAC total

Life Sciences Giovebox 350.00 0.960 0.800 WP-01 none

Mass Measurement Device (Body) 34.50 0.651 0.020 SLS modification

Mass Measurement Device (Small) 17.00 0.080 0.015 WP-01 none

Mas_, Speclrorr_ter (MGAS) 40.70 0.086 0.1 $0 BMN_ Iotal

Microscope System 100.00 0.400 0.400 WP-01 none

Mltogen Culture Device 2.00 0.007 0.150 _ total

Model 12 Microlyzer 7.30 0.018 0.112 BMAC total

Motion Analysis System 8.70 0.010 batterles BMAC total
Multichannel Data Ronorder 20.00 0.073 0.060 BMAC total

Osmometer 5.40 0.016 0.020 BMAC total

Passivo Dosimeter 35.00 0.085 no_e WP-01 none

pH Mater/ion Specific AnaJy'zer 7.00 0.004 batteries WP-01 none
Radiation Shkdded Locker 80.00 0.200 0.000 WP-OT none

Radio_mmunoassay 20.00 0.053 none _taC tOll/

Refrigerator (4 degrees oantlorede) 40.00 0.150 0.450 WP-01 none
RIA Pmparelion Device 2.00 0.007 none BMAC total

Saliva Collection Device 0.17 0.001 none BIV_C total

Sample Preparation Device 32.40 0.243 0.150 Bk_C total

Scintiliatlon Counter ground ground ground _ ground

Slide Preparation 0evice 2.00 0.007 0.020 BIVVC total

Spane Station Audio A Video Equipme no cots to BM/_C no cnet to BMAC no (xN4 to BMAC S.S.F. none

Specimen Labelling Devine 4.00 0.010 0.020 WP-01 none
Spectrophotometer 40.00 0.110 0.300 WP-01 none

Sub_ect Interface Box 4.33 0.018 none IML.1 modification
Telethermometer 15.00 0.019 0.014 B/_t,sC Iota I

Tonomemr 0.06 0.001 none BM/_C total

Treadmill 82.55 0.450 0.500 E[:F

Urine Monltorlng/Analyele System 90.00 0.300 0.200 BMAC 1oral

Visual Function Teeters (I,II.lll) 6.90 0.120 batlorlea AFMRL none
Visual TrackJng System 1.77 0.012 none IML-1 modillcalion

Voice Recorder 0.20 0.001 none SHUTTLE 1 additional

Wrist Acllvity Monttor 0.10 0.001 balterlee IML-2 1 addltlon_d

Totals 2703.71 I 0.S00 11.448
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Preface

The requirement to certify astronauts for continuous work on Space Station Freedom has

resulted in the identification of the Biomedical Monitoring and Countermeasures Program. As

a result of this program, 19 operationally important problems have been identified, researched

and documented. Five maintenance goals, which includes the ability to perform work, normal

bodily functions, mental and social well-being, normal bodily state, and normal risk levels

have been utilized in grouping the operationally important problems.

This document contains the 19 operationally important problems grouped into the five

maintenance goals. Two formats for each problems is included; 1) the prose detailing the

historical background, recommendations for monitoring, anticipated countermeasures and

bibliography 2) a vu-graph presentation of the above.
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INCREASED MUSCULAR FATIGUE / DECREASED MUSCULAR STRENGTH

Historical Backg-round

Early observations in humans of significant decreases in muscle tone, muscle strength, muscular

endurance, and physical work capacity were noted during the inflight and immediate postflight

periods of a mission (Pestov, 1975, pp. 305-354; Thornton, 1977, pp. 191-197; Whedon, et al.,

1977, pp. 164-174). Decrements in the strength of the arm and leg muscles of the Skylab

astronauts were noted, with the decrement in arm extensors and flexors less than those of the legs

(Thornton, 1977; pp. 191-197; Nicogossian, et al., 1989). The leg strength loss averaged 20-

25% from preflight values; in the arms, the average loss was only 4% (range 10% loss to 5%

gain). These changes were felt to be related to the exercise modalities used during Skylab, but the

extent of this relationship is unknown. Observations of minimal to moderate losses of nitrogen

and postflight weight loss were consistent with muscle atrophy which would then lead to decreased

muscular strength and increased muscular fatigue (Dietlein, 1977, pp. 408-418).

Loss of muscular strength and muscle atrophy was noted in the Robbins committee report as an

identifiable change that occurs with extended duration space flight (Robbins Report, 1988, pp. 18,

45, 49). The impact of muscle loss on performance of astronauts during space flight was deemed

as unclear by the committee, as inflight activities (exclusive of EVA) require a minimal amount of

muscular strength (Robbins Report, 1988, p. 46). Muscle atrophy and strength loss due to long

term space flight was noted in A Strategy for Space Biology and Medical Science. (Goldberg

Report, 1987, p. 146). EMG data collected during Skylab has indicated reduced muscular

efficiency and increased susceptibility to fatigue. The committee suggested that the operational

significance of these losses were uncertain as: "Methods used to evaluate muscle physiology have

been rudimentary and have only been employed postflight. There have been no measures in space

of typical muscle forces that occur...because of these limitations, we do not know the end point of

space disuse atrophy or the time course with which it is reached." (Goldberg Report, 1987, pp.

146, 147). The committee speculated that missions lasting from several weeks to months will not

likely lead to serious clinical inflight or postflight difficulties; however, concerns regarding rapid

egress were apparently not considered.

The life sciences research office of the Federation of American Societies for Experimental Biology

published a committee report regarding research opportunities in muscle atrophy caused by space

flight (FASEB - Muscle Atrophy, 1984). In the report it was noted that loss of skeletal muscle



resulting from atrophy has,apparently,not compromisedcrew functions "...except, possibly

during extravehicularactivity and lunar surfaceEVA in Apollo 15...during the lunar surface

activitiestwo of theApollo 15crewdevelopedcardiacarrhythmias"(FASEB- MuscleAtrophy,

1984, p.21). TheFederationcommitteenotedthatotherchangescausedbymicrogravity-induced

muscularatrophyincludea reductionof musclevolume,mass,exercise(aerobic)capacity,and

neuromuscularcoordination(FASEB- MuscleAtrophy,1984, pp. 16-19).

Recommendations for Monitoring,

Appropriate monitoring for both muscular strength and fatigue changes pre- to postflight and

inflight can be accomplished with the use of an isokinetic dynamometer. These tests could be

accomplished on a weekly basis. The dynamometer should be capable of measuring both

concentric (shortening) and eccentric (lengthening) muscle forces. A device capable of measuring

only concentric forces was used to quantify strength changes pre- to postflight during the Skylab

series of flights (Thornton and Rummel, 1977, pp, 191-197). These measures should be taken at

the hand, wrist, elbow, shoulder, trunk, knee, and ankle. A crude way to study the changes in

lean body mass that precipitate changes in strength would be measures of body mass and body

composition. Electromyographic (EMG) data would provide information on changes in muscle

recruitment patterns.

Anticipated Countermeasures

Appropriately prescribed exercise, assurance that the RDA for protein is maintained in diet.

Related Operationally Important Problems

Decreased Ability To Emergency Egress

Cardiac Dysrhythmias



Dietlein L. "Skylab: A beginning." JohnstonR, Dietlein L, editors. Biomedicai Results from
Skylab. Washington, D.C.: NASA; 1977:408-418.

FASEB. Talbot J, Fisher K, editors. Research Opportunities In Muscle Atrophy. Bethesda:
Federation of American Societies for Experimental Biology; NASW 3924, 198.'.

Goldberg J, etal. A Strategy for Space Biology. Washington, D.C.: National Academic Press;
1987.

Nicogossian A. "Countermeasures to space deconditioning." Nicogossian A, Huntoon C, Pool S,
editors. Space Physiology and Medicine. Philadelphia: Lea and Febiger; 1989:294-311.

Pestov I and Geratewohl S. "Weightlessness." Calvin M, Gazenko O, editors. Foundations of
Space Biology and Medicine. Washington, D.C.: NASA; 1975:305-354.

Robbins F, etal. Exploring the Living Universe/A Strategy for Space Life Sciences. Washington,
D.C.: NASA; 1988.

Thornton W and Rummel J. "Muscular deconditioning and its prevention in space flight."
Johnston R, Dietlein L, editors. Biomedical Results from Skylab. Washington, D.C.: NASA;
1977:191-197.

Whedon G, Lutwak L, Raumbaut P, Whittle M, Smith M, Ried J, Leach C, Stadler C and Sanford

D. "Mineral and nitrogen metabolic studies, experiment MO71." Johnston R, Dietiein L, editors.
Biomedical Results from Skylab. Washington, D.C.: NASA; 1977:164-174.
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DECREASED ABILITY TO PERFORM LONG DURATION TASKS

Historical Back m'oun_l

The ability to perform long duration tasks is dependent, primarily, on the aerobic capacity of an

individual. Aerobic capacity can be altered by factors that act in the cardiovascular system (central

changes), and by changes that occur in the skeletal muscles (peripheral changes). Studies of

aerobic capacity, measured during leg exercise (bicycle ergometer) during the 84 d mission of

Skylab, indicated that aerobic capacity was not compromised in those individuals (Michel, et al.,

1977, pp. 191-197; Thornton and Rummel, 1977, pp. 191-197). This finding was felt to be

influenced by the use of a cycle ergometer for daily exercise by the crew. To date, there have been

no studies of aerobic capacity changes during arm ergometry, on long duration flights.

Estimates of the oxygen cost during EVA activities have been performed during Apollo, Skylab,

and Shuttle missions (Convertino, 1990, Waligora, et al., 1975, pp. 115-128; Waligora, et al.,

1977, pp. 395-399). The mean oxygen uptake estimates during EVA have remained similar for the

three programs at 0.9 liters/min. The peak oxygen uptake required for tasks lasting several

minutes was 1.6 liters/min. To put these numbers into perspective, the average maximum oxygen

uptake of males sharing similar physical characteristics of the astronauts is 2.7 liters/min. The

maximum oxygen consumption expected to be elicited by arm work alone is approximately 70 %

of this value, or 1.9 liters/min (ACSM, 1986). Therefore, males performing EVA are routinely

working at approximately 45-50% of their maximum upper body oxygen consumption capacity,

and levels of up to 85% of their maximum capacity are required. A workload of >70-80% will

induce metabolic acidosis in most individuals. Thus, a loss of the aerobic capacity of the arms

could seriously impact the ability to perform EVA.

Muscle atrophy was noted in the Robbins committee report as an identifiable change that occurs

with extended duration space flight (Robbins Report, 1988, pp. 18, 45, 49). The impact of

muscle loss on performance of astronauts during space flight was deemed as unclear by the

committee, since inflight activities (exclusive of EVA) require a minimal amount of muscular

strength (Robbins Report, 1988, p. 46). Muscle atrophy, due to long term space flight, was noted

in A Strategy for Space Biology and Medical Science. (Goldberg Report, 1987, p. 146). The

committee suggested that the operational significance of this loss is uncertain as: "Methods used to

evaluate muscle physiology have been rudimentary and have only been employed postflight.

There have been no measures in space of typical muscle forces that occur...because of these



limitations,wedonotknow theendpointof spacedisuseatrophyor thetimecoursewith which it
is reached."(GoldbergReport,1987,pp. 146,147). The committeedoessuggestthat missions

lastingfrom severalweeksto monthswill not likely leadto seriousclinical inflight or postflight
difficulties; however, it is unclearwhetherthecommitteeconsideredunscheduledEVA activities

or emergencyegress.

Thelife sciencesresearchofficeof theFederationof AmericanSocietiesfor ExperimentalBiology

publisheda committeereportregardingresearchopportunitiesin muscleatrophycausedby space

flight (FASEB- MuscleAtrophy, 1984). In this report,it wasnotedthatlossof skeletalmuscle

resulting from atroph)/has,apparently,not compromisedcrew functions "...except,possibly

during extravehicularactivity and lunar surfaceEVA in Apollo 15...during the lunar surface

activitiestwoof theApollo 15crewdevelopedcardiacarrhythmias."(FASEB,1984,p. 21). The

Federationcommitteenotedthatchangescausedby microgravfty-inducedmuscularatrophyinclude

areductionof musclevolume,mass,exercise(aerobic)capacity,andneuromuscularcoordination
(FASEB- MuscleAtrophy, 1984, pp. 16-19).

RecommendatiQns for Moni_Qring

Appropriate monitoring for measuring the aerobic capacity of the arms is to measure the maximum

oxygen consumption response to a graded exercise arm task. These tests could be conducted bi-

weekly. The testing modality would be a type of arm ergometer. A metabolic measurement unit

would be required to measure oxygen consumption. Although not critical to measurement of

aerobic capacity, a means of monitoring the ECG response to the work is recommended for safety

considerations.

Anticipated Countermeasures

Appropriately prescribed exercise, assurance that the RDA for protein is maintained in diet.

Related Op_erationally Important Problems

Impaired Thermoregulation

Decreased Muscular Fatigue / Increased Muscular Strength
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DECREASED ABILITY TO PERFORM HIGH PRECISION TASKS

Historical Back_mound

Vestibular disturbances during the initial adaptation to microgravity are well documented, the most

well-known of these being space motion sickness. Accompanying space motion sickness are

reports of visual, orientational, proprioceptive, and self-motion illusions. In most cases the time

course of adaptation for vestibular dysfunctions is 2 to 4 days with no recurrence of symptoms

after this period (Homick and Vanderploeg, 1989, p. 156).

The most widely accepted theory used to explain the changes that take place in microgravity is the

theory of sensory rearrangement. In a normal 1-G environment, human spatial orientation is

determined by/our sensory inputs. "These are (1) otolith information on gravity vector and linear

accelerations, (2) angular acceleration data provided by the semicircular canals, (3) visual

information concerning body orientation, and (4) touch pressure and kinesthetic information"

(Nicogossian, 1982, p. 146). With the transition to microgravity, these inputs must be

"rearranged" to optimize the response to a different gravity environment.

While this is desirable for the performance of high precision tasks in a microgravity environment,

the ensuing re-adaptation that occurs during reentry and landing is associated with a reappearance

of vestibular side effects; changes in neurosensory and sensorimotor control programs which were

appropriate for microgravity, are now inappropriate for a 1-G environment. The ability to perform

high precision tasks may be severely compromised especially if visual cues are reduced (as in an

emergency situation) (Parker, et al., 1989, p. 170). Therefore, it is necessary to determine how

and to what extent visual and manual control tasks are affected as a function of mission duration.

Numerous inflight performance studies by both U.S. and Soviet investigators, support the view

that there is no impairment of sensorimotor performance inflight after the initial adaptation period

has taken place (Parker, et al., 1989, p. 177). Complex sensorimotor tasks can be performed with

precision and accuracy assuming that the operator is in optimum condition and the man/machine

interface is well designed (Nicogossian, 1982, p. 163). Questions do remain; however, concerning

decrements in performance following prolonged missions (Parker, et al., 1989, p. 167).

The Robbins committee report recommends correlating changes in task performance with

vestibular and otolith function inflight and states that "other possible effects of space flight on

neurosensory and biobehavioral function are unknown and should be explored if we intend to



achievea permanenthumanpresencein space"(RobbinsReport, 1988,p. 49). The Goldberg

committeereport describesgoalsandobjectivesfor areasrelevantto sensorimotoradaptationsuch

asspatialorientation,posturalmechanisms,the vestibulo-ocularreflex, andprocessingin the

vestibularsystem.(GoldbergReport,1987,p. 6)

Recommendation s for Monitorin

Appropriate monitoring activities would include: visual pursuit tracking/target acquisition;

subjective reporting of illusory phenomena; verification of the otolith-reinterpretation hypothesis;

correlation of task performance with changes in vestibular and otolith function; and evaluation of

limb position sense, muscle tone and reflexive loop gain.

Related Operationally Important Problems

Decreased Ability to Respond to Inflight.Emergency

Decreased Ability to Emergency Egress

Visual Dysfunction

Impaired Cognition



GoldbergJ, etal. A Strategy for Space Biology. Washington, D.C.: National Academic Press;
1987.

Homick J and Vanderploeg J. "The neurovestibular system." Nicogossian A, Huntoon C, Pool S,
editors. Space Physiology and Medicine. Philadelphia: Lea and Febiger;, 1989:154-164.

Nicogossian A and Parker J, etal. Space Physiology and Medicine. Washington D.C.: NASA;
1982.

Parker D, Reschke M and Aldrich N. "Performance." Nicogossian A, Huntoon C, Pool S,
editors. Space Physiology and Medicine. Philadelphia: Lea and Febiger; 1989:167-178.

Robbins F, etal. Exploring The Living Universe." A Strategy for Space Life Sciences.

Washington, D.C.: NASA; 1988.
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DECREASED ABILITY TO EMERGENCY EGRESS

Historical Back_ounO

The ability to perform physical work in response to either an emergency situation or as a part of

one's daily routine is influenced by many physiological factors. The most obvious of these

include: skeletal muscle strength, endurance and fatigue state, anaerobic capacity, orthostatic

function, and posture and balance. Less obvious is the impact of decrements, in any of the above

listed factors, on performance during or immediately after long duration exposure to microgravity.

No identifiable studies have examined emergency egress, although many of the factors that are

hypothesized to effect egress time have been studied.

Early observations in humans of significant decreases in muscle tone, muscle strength, muscular

endurance, and physical work capacity were noted during the inflight and immediate postflight

periods of a mission (Pestov, 1975, pp. 305-354 ; Thornton, 1977, pp. 191-197; Whedon, et al.,

1977, pp. 164-174). These changes may well impact egress time, especially when one considers

the astronaut would have to lift their body weight plus a 60 lb. suit out of the orbiter. Decrements

in the strength of the arm and leg muscles of the Skylab astronauts were noted, with the decrement

in arm extensors and flexors less than those of the legs (Thornton and Rummel, 1977, pp. 191-

197; Nicogossian, et al., 1989). The leg strength loss averaged 20-25% from preflight values.

This loss was felt to be related to the exercise modalities used during Skylab, but the extent of this

relationship is unknown. Observations of minimal to moderate losses of nitrogen and postflight

weight loss were consistent with muscle atrophy which then would lead to decreased muscular

strength and increased muscular fatigue (Dietlein, 1977, pp. 408-418).

Loss of muscular strength and muscle atrophy was noted in the Robbins committee report as an

identifiable change that occurs with extended duration space flight (Robbins Report, 1988, pp. 18,

45, 49). These changes may influence egress time; however, the impact of muscle loss on

performance of astronauts during space flight was deemed as unclear by the committee since

inflight activities (exclusive of EVA) require a minimal amount of muscular strength (Robbins

Report, 1988, p. 46). Muscle atrophy and strength loss due to long term space flight was noted in

A Strategy for Space Biology and Medical Science. (Goldberg Report, 1987, p. 146). EMG data

collected during Skylab has indicated reduced muscular efficiency and increased susceptibility to

fatigue. The committee suggested that the operational significance of these losses were uncertain

as: "Methods used to evaluate muscle physiology have been rudimentary and have only been



employedpostflight. There have beenno measuresin spaceof typical muscle forces that
occur...becauseof theselimitations,wedonot know theendpoint of spacedisuseatrophyor the

time coursewith which it is reached."(GoldbergReport, 1987,pp. 146-147). The committee

doessuggestthat missionslastingfrom severalweeksto monthswill not likely leadto serious

clinical inflight or postflightdifficulties; howeverconcernsregardingrapidegresswereapparently
notconsidered.

Thelife sciencesresearchofficeof theFederationof AmericanSocietiesfor ExperimentalBiology
publishedacommitteereportregardingresearchopportunitiesin muscleatrophycausedby space

flight (FASEB- MuscleAtrophy, 1984). In thereport it wasnotedthat lossof skeletalmuscle

apparentlyhasnotcompromisedcrew functions"...except,possiblyduringextravehicularactivity
andlunarsurfaceEVA in Apollo 15...duringthelunarsurfaceactivitiestwo of theApollo 15crew

developedcardiac arrhythmias."(FASEB - Muscle Atrophy, 1984,p. 21). The Federation

committeenotedthatotherchangescausedby microgravity-inducedmuscularatrophyincludea

reductionof musclevolume,mass,exercise(aerobic)capacity,andneuromuscularcoordination

(FASEB- MuscleAtrophy, 1984, pp. 16-19).

Lossof anaerobiccapacitywill causeadecrementin anyattemptto leavetheareaof theorbiter

following exit. Lossin anaerobiccapacityis expecteddueto oneor acombinationof bothof the
following mechanisms:1) atrophyof the legmuscles,whichwould causea decreasedpool of

stored anaerobicphosphagenenergy (Edgerton, 1986,pp. 119-120),and 2) the buffering

capacityof theblood will shift, especiallywith the useof isotonicsalineto counterorthostatic

intolerance.Thiswill causeamorepronouncedventilatoryresponse(shortnessof breath)during

high intensityexercise,and will lower thetoleranceof thebodyto thehigh levelsof lactic acid

causedbyasprintingactivityof morethan-200-300meters.

Orthostatichypotensioninducedby returnfrom spaceflight haslongbeenidentifiedasaproblem

of concernoperationally(Bungo,et al., 1985, pp. 56:985-990). Decreased orthostatic function

induced during short term flights (2-14 days) is thought to be due primarily to fluid redistribution

resulting in a decreased plasma volume (Bungo, et al., 1985, pp. 56:985-990; Nicogossian, et al.,

1989). Oral consumption of a water and salt tablet combination to provide an "isotonic saline" for

transient plasma volume expansion is utilized prior to landing in the Shuttle flights to help prevent

orthostatic hypotension. This countermeasure does not prevent the manifestations of orthostatic

hypotension in all cases, but is effective in reducing the severity of the signs and symptoms.



Degradationof postureandbalancewasobservedonSkylabcrewmembersandhasbeenobserved

by theSoviets( Homick,et al., 1977, pp. 104-112; Gazenko, 1988). This degradation has lead

to limitations of the ability of astronauts and cosmonauts to walk or run following short duration

flights.

Recommendation for Monitoring

Appropriate monitoring for both muscular strength and fatigue changes pre- to postflight and

inflight can be accomplished with the use of an isokinetic dynamometer. These tests could be

accomplished on a weekly basis. The dynamometer should be capable of measuring both

concentric (shortening) and eccentric (lengthening) muscle torces. A device capable of measuring

only concentric forces was used to quantify strength changes pre- to postflight during the Skylab

series of flights (Thornton, 1977, pp. 191-197). These measures should be taken at the hand and

major joints. Appropriate monitoring for loss of anaerobic capacity pre- in- and postflight would

include measuring, non-invasively, the changes in buffering capacity of the blood, and a test of

anaerobic power performed on an exercise testing device on which the workload can be quantified

(such as a cycle ergometer). Orthostatic tolerance inflight can be assessed by the measurement of

the cardiovascular response to LBNP; pre- and postflight measurements can be obtained utilizing

either a stand test, tilt table, or with LBNP. The effect of flight on posture and balance can be

measured using a motion analysis device such as the Ariel rM system, on which locomotion

activities can be digitized and quantified.

Anticipated Countermeasures

Appropriately prescribed exercise, LBNP inflight, saline countermeasure, "penguin suits", practice

of complex sensorimotor tasks, preflight simulation, and adaptation.

Related Operationally Important Problems

Increased Muscular Fatigue/Decreased Muscular Strength

Altered Cardiovascular Function

Cardiac Dysrhythmias
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Historical Background

SLEEP DISORDERS

v

While sleep requirements vary from individual to individual, an ie_ividual's sleep requirements

remain relatively constant over the short term. When the sleep/wake cycle is disrupted, however, it

can result in decreased motivation to perform one's job. This is particularly true when the job

requires a great deal of concentration (Coleman, 1986, p. 92). Such a situation could pose a

serious risk to space station crewmembers whose safety often depends upon job performance.

Sleep loss, fatigue, and poor quality sleep have been reported on numerous U.S. and Soviet space

missions (FASEB - Human Behavior and Performance, 1985; Frost, et al., 1977, p. 121; Bluth,

1986, pp. III-14, Ili-38, IV-28). These disruptions may be attributable to the absence of

Zeitgebers (cues from the environment which give information about time), noise, scheduling

difficulties, and to the psychological adjustment to an isolated, confined environment. Ground-

based studies have shown that the absence of Zeitgebers tends to disrupt the sleep/wake cycle as

well as certain behavioral, cognitive and personality variables (Matthews, 1985, p. 30). On board

a space station there will be no natural Zeitgebers. Therefore we may expect crewmembers to

experience changes in their sleep/wake cycle. Noise, too, has been noted on at least one mission

as a cause of sleep disturbance (Lebedev, 1988, p. 45).

Scheduling difficulties have been problematic for both Soviet and U.S. space crews (Gazenko,

al., 1976, p. 2; Compton and Benson, 1983, p. 328). The Skylab IV astronauts indicated that

they were not allowed enough uninterrupted pre-sleep time to "wind down". Additionally, many

U.S. and Soviet crews have had to forego sleep in lieu of pressing operational or scientific tasks.

Informal reports also suggest that cosmonauts on long-duration flights have experienced disrupted

sleep/wake cycles which may be attributable to the psychological adaptation to the isolated,

confined environment (Lebedev, 1988, p. 49). The stress of isolation from one's normal sources

of psychosocial support may lead to sleep disturbances.

The determination of sleep, work, and recreation schedules which would optimize human

performance and adaptation to space was cited as a scientific objective in A Strategy for Space

Biology _nd Medical Science (Goldberg Report, 1987, p. 177). The Robbins committee also

indicated that an understanding of the effectiveness of various scheduling plans was essential for

long duration space missions. (Robbins Report, 1988, p. 76).



Recommendations for Monitoring

Traditional polygraphic monitoring of sleep (e.g. EEG, ECG, EMG, EOG) would provide

information regarding changes in the quality of sleep experienced by crewmembers on a daily

basis. Radioimmunoassay analyses of salivary cortisol levels would provide information

regarding the longer-term changes in circadian rhythms. Stress and mood measurements obtained

via a computerized debrief would then provide information regarding the particular variables

associated with any given sleep disturbance. Finally, "daytime" activity could be monitored using

a wrist activity recorder. Information gathered with this device would provide an indicator of the

impact of the disturbance on normal dally activity.

Anticipated Countermeasure_

The absence of natural Zeitgebers could be compensated for by the introduction of artificial

Zeitgebers. Light and dark cycles which naturally occur on Earth could be mimicked using the

space station artificial lighting. Noise levels will be monitored by the station's Environmental

Health System.

With the aid of crewmembers, scheduling difficulties may be alleviated by development of certain

restrictions on scheduling. Flexibility to manipulate the schedule inflight to avoid work overload

or work underload would also be helpful. Finally, those disturbances related to psychological

adjustment to the station environment could be ameliorated by the invocation of many of the

countermeasures identified for mood/motivation changes and psychophysiological stress.

Related Operationally Important Probl_rns

Psychophysiological Stress

Interpersonal Conflict

Changes in Mood/Motivation

Impaired Cognition



BluthJ and HelppieM. Soviet Space Stations as Analogs. Washington, D.C.: NASA; NAGW-
659,1986.

Coleman R. Wide Awake at 3:00 A.M. New York: W.H. Freeman and Companv; 1986.

Compton D, Bensen C. Living and Working in Space. Washington, D.C.: NASA; 1983.

FASEB. Christensen J, Talbot J, editors. Research Opportiunities in Human Behavior and
Performance. Bethesda: Federation of American Societies for Experimental Biology; NASW
3924, 1985.

Frost J, Shumate W, Salamy J and Booher C. "Experiment M133. sleep monitoring on Skylab."
Johnston R, Dietlein L, editors. Biomedical Results of Skylab. Washington, D.C.: NASA;
1977:113-126.

Gazenko O, Gurovsky N, Nefyodov Y, Rudnyi N, Egorov B, Bryanov I, Gramenitsky P, Egorov
A, Eryomin A and Zaloguev S. Results of Biomedical Investigations of the ASTP Flight. Moscow:
USSR; 1976.

Goldberg J, etal. A Strategy for Space Biology. Washington, D.C.: National Academic Press;
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Matthews M. Circadian Rhythms and Long Duration Space Flight. Psychological, Sociological,
and Habitability Issues of Long-Duration Space Missions. Houston: NASA/JSC; NASA T-
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Historical Back_wround

VISUAL DYSFUNCTION

Limited visual performance testing on Mercury, Gemini, and Apollo missions revealed few

significant changes in visual function with the exception of constriction of visual field, changes in

intraocular tension, and changes in the caliber of retinal vasculature. Some constriction of visual

field was noted postflight as well as a decrease in unaided seven-meter visual acuity (although the

latter was not statistically significant). Post-flight decrease in intraocular tension was significant

and returned to preflight levels more slowly than expected. Retinal photography revealed no

lesions, but showed some signs of decrease in the size of retinal vessels. The degree of

constriction of retinal vascular was greater and persisted for a longer time than could be accounted

for by the vasoconstrictive effect of atmospheric oxygen alone (Hawkins and Zieglschmid, 1975,

p. 80). Although it was reported that early astronauts were able to see objects moving on the

highway while in orbit, it was found performance was neither degraded nor improved during space

flight and was within limits predicted by preflight measures of visual acuity. "The astronauts'

reported ability to detect cars was probably due to dust clouds or shadows associated with

traffic,which could significantly enlarge visual images." (Parker, et al., 1989, p. 168)

Anecdotal reports from Shuttle crewmembers describing decreases in visual performance, such as

difficulty in reading checklists and changing focus within the cabin, led to additional visual

performance testing. Near visual acuity was examined to measure changes in accommodation and

other parameters affecting vision. Contrast sensitivity testing was conducted to provide a more

accurate measure of general vision loss as well as insight into the possible physiological location

and nature of vision changes. In-flight experiments revealed no statistically significant changes in

contrast sensitivity (as a group) compared to the preflight baseline. Visual acuity was slightly

worse but not statistically significant, and there was an apparent improvement in stereo acuity,

although it was not significant. There was no significant group effect for cyclophoria, vertical

phoria, or horizontal phoria, and there was no indication of individual changes in eye muscle

balance. There were no significant changes in critical flicker frequency or eye dominance. Further

research is needed; however, to determine if individual performance is repeatable (Task and

Genco, 1987, p. 173-178). Additional measurements of intraocular pressure continued to show

increases in IOP inflight.



Evidence of visual dysfunction during long duration space flight is limited to the study of light

flashes conducted on Skylab and reports from Soviet investigations. Perceived light flashes during

periods of dark adaptation were studied by Hoffman et al., (1977) during the Skylab 4 mission.

"Although no performance disturbance has been associated with these light flashes, it is likely that

the flashes mask transient visual stimuli." (Parker, et al., 1989, p. 170)

Subjective information from members of the Salyut-6 crew revealed no change in visual acuity at a

distance. Reddening and tearing of the eyes, however, was reported in association with pressure

and pain lasting 2-3 days. It is believed that these problems were the result of poor illumination of

work stations and an increase in the brightness of sunlight. (Plyasova-Bakunina and Pormov,

1986, p. 74) Slight edema of the eyelids and moderate hyperemia of the eyeball was noticed the

first few days inflight and continued for the duration of the flight. Incidence of postflight

hyperemia of the conjunctiva and sclera (slight to moderate) was reported but disappeared in 3 to 4

days without treatment. Moderate congestive dilation of the retinal veins was apparent 6-8 hours

postflight to 7 days after landing. No changes in retinal arterial vessels were noted. "Peripapillar

edema of the retina was observed in one or, more frequently, both eyes, which gradually

disappeared by day 7 postflight." (Plyasova-Bakunina and Portnov, 1986, p. 74)

Soviet investigators noted a 5 to 30 percent deterioration in visual function during the first days of

flight, followed by a gradual restoration to preflight values. Contrast sensitivity exhibited a ten

percent loss immediately after entry into microgravity and continued to decline to a 40 percent loss

after five days. Even at these levels of change, it was concluded that the effect of spaceflight on

visual function is relatively small. (Nicogossian, 1982, p.158) "...if [however] contrast

sensitivity changes continued to develop during protracted exposure to weightlessness, as

suggested by the work of Lazarev et al., (1981), the decrement could become operationally

significant" (Parker, et al., 1989, p. 169).

Recommendations for Monitoring

It is hypothesized that the increase in intraocular pressure is caused by the headward shift of fluid

during spaceflight, which can in turn result in changes in the physical characteristics of the eye

(Vanderploeg, 1985 and Parker et al., 1989). In addition to causing a possible decrement in visual

performance, increase in intraocular pressure could lead permanent loss of vision secondary to

ocular pathologies, e.g., glaucoma and retinal vascular disease, if left untreated. Tonometry,

funduscopy, and visual performance testing (visual acuity, contrast sensitivity, etc.) will be

necessary to monitor visual dysfunction on long duration missions.



Related Operationally Important Problems

Decreased Ability to Perform High Precision Tasks

Decreased Ability to Emergency Egress

Impaired Cognition



HawkinsR andZieglschmidJ,Clinical aspectsof crewhealth.JohnstonR, Dietlein L, Berry C,
editors.Biomedical Results of Apollo. Washington, D.C.: NAS A; 1975:43- 81.

Nicogossian A and Parker J, etal. Space Physiology and Medicine. Washington, D.C.: NASA;
1982.

Parker D, Reschke M and Aldrich N. "Performance." Nicogossian A, Huntoon C, Pool S,
editors. Space Physiology and Medicine. Philadelphia: Lea and Febiger; 1989:167-178.

Plyasova-Bakunina I and Portnov V. "Sensory systems of prime crews on "Salyut-6 .... Soyuz"
space station complex.." Gurovskiy N, editor. Results of Medical Research Performed on the
"Salyut-6"-"Soyuz" Space Station Complex Moscow: Nauka; 1986:163-165. TRANSLATED
IN: USSR Space Life Sciences Digest, NASA CR-3922 (15), 1987; 13:74.

Task L and Genco L. "Effects of short-term space-flight on several visual functions." Bungo M,
Bagian T, Bowman M, Levitan B, editors. Results of the Life Sciences DSO's Conducted Aboard
the Space Shuttle 1981-1986. Houston: NASA; 1987:173-178.

Vanderploeg J and Ginsburg A. "Near vision acuity and contrast sensitivity (DSO)." Bungo M,
Bagian T, Bowman M, Levitan B, editors. Results of Life Sciences DSOs Conducted Aboard the
Space Shuttle. Houston: Space Biomedical Research Institute/NASA-JSC; 1987.
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IMPAIRED THERMOREGULATION

Historical Back_mound

There are few data regarding the effect of microgravity on thermoregulatory responses to physical

work and exercise during and after flight (Convertino, 1990). Daily evaporative water losses

during the three Skylab missions were estimated indirectly using mass and water-balance

techniques (Leach, et al., 1978, pp. 430-436). Although it was expected that evaporative water

losses would increase in the hypobaric environment of the Skylab spacecraft (-250 mmHg), the

mean daily values of the nine crewmembers who averaged one hour of daily exercise decreased

from 1750 + 37 ml preflight to 1560 + 26 ml during flight (p < .05). The results suggest that

microgravity decreased sweat loss during exercise and possibly reduced insensible skin losses as

well. The rnicrogravity environment apparently promotes the formation of an observed sweat film

on the skin surface during exercise by reducing convective flow and sweat drippings. This

apparently results in high levels of sustained skin wetness that acts to suppress sweating (Leach, et

al., 1978, pp. 430-436).

Data from groundbased studies showed excessive elevation in rectal temperature in seven men

during 70 minutes of submaximal supine cycle ergometry (45-48% VO2 max) performed in an

ambient temperature of 22°C after 14 days of simulated microgravity (Greenleaf, et al., 1980, pp.

72-78). This exercise hyperthermia was greater than the pre-bedrest ambulatory control level,

suggesting a reduced capacity to dissipate heat. No significant differences in total body sweat

production were observed, suggesting an inhibition of sweating from the same core temperature

stimulus. Thus, data from flight and groundbased models indicate that microgravity causes some

impairment in thermoregulation during exercise which could be limiting to work performance of

extended duration such as EVA. However, this problem may be removed or mitigated during

work or exercise inside the spacecraft habitat area by use of high volume air movement in the area

of the exercise equipment.

The space suit currently used by the United States Space Program has a liquid cooled garment

capable of sustaining work rates of from 400-500 kcal/hr (Horrigan et al., 1989, pp. 121-135).

The average energy expenditure during Skylab EVAs was 238 kcal/hr. The highest energy cost

associated with a Skylab EVA was 500 kcal/hr (Waligora, et al., 1977, pp. 395-399). The time

the crew member was at this level was not reported. No thermal related problems were reported

during Skylab EVAs. The average shuttle EVA has required 197 kcal/hr (Horrigan et al., 1989,



pp. 121-135). Soviet data indicates EVA activities have required up to 840 kcaldhr during brief

high intensity work bouts. The mean _ SD) metabolic cost for 48 Soviet EVAs was 275 + 50.1

kcal/hr (Barer, 1989).

Recommendations for Monitoring

Appropriate monitoring for, and prevention of thermoregulatory problems that would occur inside

of the spacecraft include monitoring of the ambient temperature and humidity, monitoring of air

flow through the exercise facility, and occasional measurement of the crew member's core

temperature response to a long (-1 hour) exercise bout. Attainment of body mass before and after

this exercise bout will yield a crude estimate of sweat volume loss. Monitoring of an astronaut's

metabolic responses during EVA will continue as in previous missions.

AntiCipated Countermeasures

Increased air flow to areas where exercise is being performed, extra fluid and electrolyte

replacement during activity, ground controlled pacing of high intensity EVA activities, continued

refinement of suit and tool design.

Related Operationally Important Problems

Decreased Ability To Perform Long Duration Tasks



Barer A. Extravehicular Activity Medical Support. 8th IAA Symposium "Man in Space".
Tashkent; USSR, 1989:1-8.

Convertion V. Physiological Adaptations to Weightlessness: Effects on Exercise and Work
Performance. Exer Sports Science Rev. 1990; 18:in press.

Greenleaf J and Reese R. Exercise Thermoregulation After 14 Days of Bedrest. Appl Physiol.
1980; (48):72-78.

Horrigan D, Waligora J and Bredt J. "Extravehicular activities." Nicogossian A, Huntoon C, Pool
S, editors. Space Physiology and Medicine. Philadelphia: Lea and Febiger; 1989:121-135.

Leach C, Leonard J, Raumbaut P and Johnson P. Evaporative Water Loss in Man in a Gravity-free
Environment. Appl Physiol. 1978; (45):430-436.

t" • • iWaligora J and Horrigan D. "Metabolic cost of extravehicular ac4,,m,.,s. Johnston R, Dietlein L,
editors. Biomedical Results of Skylab. Washington, D.C.: NASA; 1977:395-399.
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Historical Backmound

CHANGE IN MOOD/MOTIVATION

The space station era is expected to bring many changes to the U.S. space program. Unlike prior

U.S. space programs, long duration crew rotations are expected to be routine, non-career

astronauts will be more plentiful and all crews are expected to be culturally heterogeneous. For all

these reasons we must draw not only from U.S. experiences, but from Soviet and analog

experiences to extrapolate the potential effects of the space station environment on the mood and

motivation of its crews.

It is clear that Soviet cosmonauts have experienced mood disturbances on long duration flights. In

Diary_ of a Cosmonaul;, Valentin Lebedev (1988) recorded that on the 200th day of their mission he

"looked in the mirror and was dismayed - my face was covered with red blemishes caused by

nerves, and my back is peeling. We're pretty depressed." Some cosmonauts experienced "space-

phobia" upon conducting EVAs. In the words of one cosmonaut, "To be honest: I didn't care for

it. I was scared. Below us was Earth and we felt our moving through space" (Bluth and Helppie,

1986, p. II-46). Most cosmonauts reported missing their families a great deal and the stresses

associated with long-term spaceflight seem to have taken their toll. One cosmonaut experienced a

"sudden personality change" which was found to be caused by "excessive doses of sleeping pills"

which he took because he was having great difficulty sleeping (Bluth and Helppie, 1986, p. III-

38). The Robbins report indicated that informal reviews of mission reports and interviews with

space crews and ground personnel revealed that a variety of behavioral disturbances including

mood fluctuation, boredom, irritability, fatigue, anxiety, motivational shifts, crew conflicts, and

sleep loss have occurred on U.S. space missions as well (Robbins Report, 1988, p. 72).

The Soviet Psychological Support Team has identified two stages of response to the space station

environment. According to their findings, the first stage lasts for the first two to six weeks of

spaceflight and is characterized by adaptation to a new environment, a new schedule, and new

work activities (Bluth and Helppie, 1986, p. IV-30). Both Skylab astronauts and Soviet

cosmonauts on long-duration missions have expressed anxiety over their job performance during

this time period (Compton and Benson, 1983, pp. 326-330; Lebedev, 1988, p. 42). The second

stage of psychological adaptation identified by the Soviets comprises the remainder of the flight

and is characterized by manifestations of deprivation effects. The monotony of routine activities

and the influence of prolonged isolation and confinement begin to cause episodes of depression,

irritability and sleep disorders. During this stage, U.S. and Soviet crews have requested increased



_v

stimulation in the form of both increased workloads and increased social contacts (Compton and

Benson, 1983, pp. 310-311; Bluth and Helppie, 1986, p. II1-87). A similar pattern of adaptation

has been noted in analog environments. Rohrer conducted a review of Antarctic and submarine

literature and found that there were three stages of reaction to conditions of isolation. Accorolng to

Kanas' summarization of Rohrer's report:

The first stage is a period of heightened anxiety which occurs during the first few
days and is a function of the degree of danger that is perceived by each
individual .... The second stage is a period of depression. This stage occupies the
greatest block of time and occurs as the men settle down and begin routine duties.
There is a steady increase in depressed affect, which Rohrer believed was a reaction
to the loss of accustomed social roles due to isolation. The final stage is a period of
anticipation. This occurs at the end of the mission and is characterized by increased
affect expression...decreased work performance, and the emergence of aggression
(Kanas, 1985).

Thus, while the length and number of the stages of adaptation to isolated and confined

environments are debated, there appears to be a consensus that a period of anxiety is followed by a

period of depression with a possible anticipatory phase near the end of the isolation.

The Soviets have, since the beginning of their space program, utilized social and psychological

testing and training preflight and have employed the use of a Psychosocial Support Team as an

integral part of their ground support crew. Their stance is voiced by Beregovoe (who is in charge

of cosmonaut crew training): "Most men die psychologically before they die physically. They are

not prepared" (Bluth and Helppie, 1986, p. 1/I-97). The Psychological Support Team strives to

mitigate some of the negative effects of isolation and confinement by providing opportunities for

social interaction with family, friends, colleagues, popular figures, political figures, etc. They also

uplink television broadcasts of news shows in order to help the cosmonauts keep in touch with

activities on Earth. The ultimate purpose of the team is to "create for them a normal life in a

communal apartment." (Personal Communication, 1989)

Rg¢ommend_ttions for Monitoring

Potential means for monitoring mood and motivation inflight include computerized mood survey

responses, voice stress analysis, task sampling, productivity tracking, responses to structured

interviews with flight surgeons, debriefing sessions with crew families, and correlations of mood

and motivation measures with measures of cognitive workload and stress. The mood survey

would provide a subjective measure and would be available on the crewmember's stateroom

computer to allow for privacy. Voice stress analysis could be conducted unobtrusively on open

communication lines to get an objective check on the survey responses. Task sampling and



productivity tracking would provide information regarding motivation. Based on Skylab

experienceit will benecessaryto takeintoconsiderationinflight changesto theflight datafile and

work interruptions. Responsesto structuredinterviews with flight surgeonsand information

gained through regular family debrief sessionswill provide a more flexible format for the

subjectiveevaluationof thecrewmember'smoodandmotivation. Correlationswith measuresof

workloadandstressarenecessarytodetermineappropriatecountermeasures.

Anticipated Countermeasures

It is anticipated that a formal Psychosocial Support Program would comprise the greatest

countermeasure for changes in mood and motivation. Such a program would involve use of

encrypted audio/visual downlink capability for private communications between crewmembers and

their families. As we learned from Skylab, it may be necessary, on occasion, to use the private

downlink for crew-to-ground communications as well. The importance of such downlinks is that

they would provide a substitute for the normal social interactions which will be otherwise quite

limited. Additionally, it would provide a means for psychological or psychiatric intervention

should the need arise.

Other potential countermeasures include formal psychological/practical support for the families of

crewmembers. A formal support program for the families would not only relieve some of the

stress placed on the family system by the extraction of one of its members, but would also alleviate

some of the concerns a crewmember might have for his/her family's well-being. In addition,

means for altering work design (such as job rotation) may prove an effective means for

circumventing monotony among crews on long-duration missions. Alterations in

work/rest/recreation schedules may be a logical response to mood/motivation changes as well.

Finally, it may prove helpful to train crewmembers in recognition of mood disorders and means for

countering them on their own initiative.

Related Operationally Important Problems

Sleep Disorders

Impaired Cognition

Interpersonal Conflict

Psychological Stress



BluthJ and HelppieM. Soviet Space Stations as Analogs. Washington, D.C.: NASA; NAGW-
659, 1986.

Compton D and Bensen C. Living and Working in Space. Washington, D.C.: NASA; 1983.

Kanas N. Psychosocial Factors Affecting Simulated and Actual Space Missions. Aviat Space
Environ Med. 1985; 56:806-811.

Lebedev V. Diary of a Cosmonaut." 211 Days in Space. College Station: G.L.O.S.S. Company;
1988.

Personal Communication. One Year In Space. TRANSLATED FROM: Literaturnaya Gazeta,
January 4, 1989.

Robbins F, etal. Exploring the Living Universe/A Strategy for Space Life Sciences. Washington,
D.C.: NASA; 1988.
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IMPAIRED COGNITION

Historical Back_ound

Aboard the Space Station Freedom, each crewmember's ability for normal cognitive functioning

will be essential. Such tasks as docking with a resupply vessel or conducting EVAs will require

adequate cognitive performance. There are, however, many factors which are known to occur in

space travel that may negatively affect cognitive function. Among these are fatigue sleep loss,

emotional stress, disorientation, depression, mood disturbance, over-extended tasking, excessive

noises and impaired sensorimotor input (time distortion, visual dysfunction) (Robbins Report,

1988, p. 72; Compton & Benson, 1983, pp. 295-334). Additionally, there are risks of illness,

exposure to environmental toxins, and possible effects of medications -any of which could

significantly impact cognitive ability.

A Soviet investigation of the "Motor Efficiency of Cosmonauts Inflight" has shown that visual

tracking abilities declined and reaction time increased in both crewmembers of the 18-day Soyuz 9

flight. (Ivanov, et al., 1972, p. 5) These measurements were obtained by embedding a device in

"craft orientation control, transmission of Morse characters by telegraph, and others" that recorded

simple reaction time, reaction to three alternative options, and pursuit tracking of signals. The

report also presented several incidents which have occurred on both U.S. and Soviet spaceflight

which the report attributed to impaired psycho-motor ability (e.g. difficult or failed attempts at

docking). Additionally, they report an incident in which a cosmonaut required "twice as much

time for ship orientation movements in the early orbits as he had on the ground and on later orbits."

(Ivanov, et al., 1972, p. 9)

Furthermore, anecdotal information suggests that, "while overall performance has been remarkably

good, decrements have been evidenced in experimental errors, lost data, equipment mishandling,

and a variety of behavioral disturbances..." (Robbins Report, 1988, p. 72) This information led

both the Robbins and Goldberg committees to report that the influence of the various aspects of the

space environment on cognitive functions warrant investigation. (Goldberg Report, 1987, p. 177;

Robbins Report, 1988, p. 44)



Recommendations for Monitorin

Cognitive function can be monitored using both embedded decrement-sensitive psychomotor tasks

in routine work, and analysis of video/audio transmissions of task performance. The embedded

measurements could be accomplished using devices which would record reaction time, accuracy of

visual tracking and pattern recognition, and efficiency of short-term memory recall. These devices

could be attached to cupola, RMS, or experiment hardware which is operator-manipulated. These

type of measurements have been successfully obtained by Soviet investigators. (Ivanov, et al.,

1972, p. 2) Those tasks which are critical, but do not require manipulation of a computer or

hardware, may be monitored via embedded tasks as well. For example, the U.S. Air Force has

employed the use of embedded tasks in voice communications between fighter pilots and ground

control to monitor mental performance under heavy workloads.

If it is made known to the crew, that embedded measures are being monitored for the purpose of

assessing changes in cognitive function, task sampling will also need to be conducted. Sampling

the completion of a particular task and comparing performance of the task against known normal

performance parameters (e.g., time required to complete, number of errors, etc.) would provide

information regarding decrements in cognitive performance. Additionally, an irregular sampling

schedule would ensure that enhanced motivation to perform the task was not confounding the data

derived by the other monitoring techniques. Analysis of audio/video transmissions of various

tasks being performed on board could be accomplished by using a motion analysis device such as

the Ariel _ system which can digitize and quantify locomotion activities. These values could then

be compared to known parameters for that task. Comparisons to information gained from the

stress, sleep, mood/motivation, and interpersonal conflict monitoring activities should also be

taken into consideration in order to determine which factors may be contributing to changes in

cognitive function.

A_aticipated Countermeasures

•Training on the use of cognitive feedback

•Feedback to individual crewmembers regarding their cognitive function and thereby allowing the

crewmember to alter his/her own environment, work/rest schedule, etc.

•Train crewmembers to recognize cognitive-sensitive tasks and to interpret for themselves

cognitive decrements

• Redesign workloads or task scheduling

•Reduce physical workload



•Re-allocatetasksto reducemetalworkload

•If monitoringof relatedoperationallyimportantproblemsindicatesthatthoseotherfactorsmaybe

contributingto the impairment,invokecountermeasureswhichmitigatethoseproblems.

R_l_ted Operationally Important Problems

Visual Dysfunction

Psychophysiological Stress

Sleep Disorders

Mood/Motivation Change

Decreased Ability to Perform High Precision Tasks



ComptonD andBensenC. Living and Working in Space. Washington, D.C.: NASA; 1983.

Goldberg J, etal. A Strategy for Space Biology. Washington, D.C.: National Academic Press;
1987.

Ivanov Y, Popov V and Khachtur'yants L. Motor Efficiency of a Cosmonaut in Flight.
Processing of Medical Information and Assessment of Work Capacity in Space Flight. Arlington:
Joint Publications Research Service; JPRS-57417,1972. TRANSLATED IN: Kosmicheskiye
Issledovaniya, 1972; 4:604-619.

Robbins F, etal. Exploring the Living Universe/A Strategy for Space Life Sciences. Washington,
D.C.: NASA; 1988.
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INTERPERSONAL CONFLICT

Historical Backmound

The importance of group cohesion in an isolated, confined environment cannot be overestimated.

Many nominal and emergency operations would require coordinated crew efforts for safe

completion. Additionally, a conflict could escalate to the point where the conflict itself posed a

hazard to crew health. Based on Soviet and U.S. experience, complete absence of interpersonal

conflicts between crewmembers is probably an unattainable goal for long duration space missions.

However, it is feasible to mitigate the conflicts which are likely to occur.

Inflight experience and ground-based studies hax_e shown that issues which might otherwise seem

trivial become exaggerated under conditions of isolation and confinement. One extreme example of

such an incident resulted in the murder of an Antarctic expedition crewmember (Bluth, 1982, p. 8-

52). While this was an extreme case, a number of studies have shown that among crews at various

Antarctic stations, symptoms of anxiety, depression, insomnia and hostility were increased by up

to 40 percent by the end of a wintering-over period (Bluth, 1982, p. 8-52). Additionally, instances

of occasional hostile exchanges between space and ground crews have occurred in both the U.S.

and Soviet space programs. Such hostile exchanges between crewmembers and ground support

have been noted in numerous analog studies, suggesting it may be a common reaction to isolated

and confined environments.

Instances of interpersonal conflict are known to have occurred on many U.S. and Soviet space

missions (FASEB - Human Behavior, 1985, pp. 9, 25; Goldberg Report, 1987, p. 167; Robbins

Report, 1988, p. 72; Bluth and Helppie, 1986, pp. Ill-96, III-101, IV-35, IV-54; Bluth, 1982,

pp. 8-53 - 8-54; Lebedev, 1988, p. 39; Personal Communication, 1989, pp. 5-6). These incidents

have occurred even among relatively homogeneous crews which have been selected for their

compatibility. When cultural backgrounds of crewmembers have been more heterogeneous, the

situation has been even further complicated (FASEB - Human Behavior, 1985, p. 25). As one

Czech cosmonaut noted, both language and value differences can be problematic and often result in

misunderstandings (Bluth, 1982, pp. 8-53 - 8-54).

While many feel that scientific communities are completely objective and, therefore, without

cultural bias, there is evidence to suggest the contrary. For example, one joint scientific effort

between American and Japanese high energy physicists resulted in conflicts and misunderstandings



whichweredirectly attributableto culturaldifferences(Traweek,1988,pp. 154-155).Notably,all

the scientists spoke fluent English and were not collected into an isolated and confined

environment. While greatbenefitscanbe reapedfrom the work of a culturally diversegroup,

formationof suchgroupsisoftenproblematic.

Theeffectsof long-durationspaceflighton interpersonalrelationshipswerecitedby theRobbins

committeereport as beingan areawhich needsinvestigation. The report also called for the

development of guidelines for conflict resolution inflight and for preflight training in
communicationandconflict resolution(RobbinsReport, 1988,pp. 9, 44, 71). A Strategy for

Spac_ BiQlogy and Medical Science, developed by the Goldberg committee, identified a scientific

goal which called for the identification of the "group and organizational factors that influence the

performance and behavioral stability of individuals and the entire crew in the space environment"

(Goldberg Report, 1987, p. 180). The life sciences research office of the Federation of American

Societies for Experimental Biology (FASEB) published a committee report in which it was

suggested that flight- and groundcrews of the space station might benefit from training in social

sensitivity, team building, cohesiveness, and interpersonal communication (FASEB -Human

Behavior, 1985, p. 49).

Recommendations for Monitoring

Potential means for monitoring interpersonal conflict include computerized responses to a generic

crew debrief. This debrief would be accessed by each crewmember via his/her stateroom computer

to allow for privacy. Additionally, access to information gathered by the debrief would be

restricted to the individual crewmember and a member of the ground-based Psychosocial Support

Team. Real-time analysis of audio content would be another means of monitoring interpersonal

conflict and would have the benefit of being unobtrusive. Further information could be gained

from crewmembers and ground support via informal reports.

Anti¢ipa_eed Countermeasures

It is anticipated that preflight training would be the primary countermeasure to interpersonal

conflicts. Training in conflict resolution, problem solving, group dynamics, and cross-cultural

differences would be integrated into the whole crew training for a minimum of one year prior to

flight. A conflict management process would be defined prior to the mission and crews would be

selected for compatibility. Inflight, regular crew meetings would serve as a forum for resolving



conflicts.

necessary.

Additionally, ground-basedsocial scientistswould beavailable for consultationas

Related Operationally Important Problems

Sleep Disorders

Changes in Mood/Motivation

Psychophysiological Stress
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PSYCHOPHYSIOLOGICAL STRESS

Historical Back_ound

Psychophysiological stress is known to accompany spaceflight. Evidence suggests that this stress

can increase as a mission lengthens (FASEB - Immunocompetence, 1985, pp. 8-9; Robbins

Report, 1988, p. 67). If the stress becomes great enough, it can result in a variety of disorders.

Among these are increased anxiety, irritability, depression, hostility, immunosuppression, reduced

attention, disturbed sleep, disruptions of operational memory, and lowered motivation (Robbins

Report, 1988, p. 67; Dantzer and Kelley, 1989, p. 1; Bluth and Helppie, 1986, p. IV-5). Stress is

also known to influence decision making (Goldberg Report, 1987, p. 174). Any of these

manifestations could have an impact on mission operations.

Both U.S. and Soviet space crews have exhibited hormonal characteristics of psychophysiological

stress (Huntoon, et al., 1989, pp. 231-232). Anecdotal and informal reports provide subjective

information that suggests that other symptoms of psychophysiological stress are also associated

with spaceflight. While in many cases the stress response is adaptive (e.g. in responses to

emergencies), prolonged stress appears to be problematic. On one Soviet MIR mission a

crewmember experienced cardiac dysrhythmias which were attributed to stress (Bogomolov et al.,

1988, p. 26). This problem resulted in the individual's early return to Earth. Another cosmonaut

on a long duration mission experienced a stress-induced dermatological disorder.when his fellow

crewmember became ill (Lebedev, 1988, p. 336). Because of the necessary interdependence of

crewmembers with regard to their mutual safety, the illness of a fellow crewmember could be a

significant stressor.

One of the Scientific objectives identified by the Goldberg committee was the development of a

means to monitor and mitigate stressful situations on board the space station (Goldberg Report,

1987, p. 177). The FASEB report on human behavior noted the stressors which are likely to be

present on board the space station and suggested the training of crewmembers on means for coping

with those stressors (FASEB - Human Behavior, 1985, p. 49).

Recommendations for Monitorin_

Hormonal indicators of stress (e.g. cortisol levels) would provide objective physiological data

regarding stress levels experienced by crewmembers. It would also be of benefit to gain subjective



measuresof perceivedstress.This informationcould begatheredvia anonboardcomputerized

crew debrief. Subjectivereadinessassessmentsconductedjointly by the crewmemberand a

memberof thePsychosocialSupportTeamcouldbeconductedprior to critical work (e.g.EVA).
Thiswouldserveto assesstheindividual'sreadinessto takeon theadditionalstressof thatwork.

Anticipated Coumcrmcasures

A crewmember's ability to realistically assess and regulate their stress level may prove to be one of

the most effective countermeasures for psychophysiological stress. Training on how to make such

self-assessments would be an important part of preflight training. Regulation of those identified

stressors necessitates, however, that crewmembers have a greater degree of autonomy than has

been common on previous U.S. space missions. Greater self-control over one's work/rest

schedules and access to Psychosoclal Support Team members to discuss means for coping with

other stressors could greatly enhance the individual's ability to cope with stress. A training module

which would seek to prepare the crewmembers for the stresses they may expect to encounter

would also be of great benefit. Task rotation is another strategy which may prove beneficial on

board space station. Sharing responsibility for critical tasks may be one way to prevent an

overload of stress on any one crewmember. Finally, it is likely that a Psychosocial and Practical

Support Team for families would facilitate an easier transition of the crewmember both inflight and

postflight. Such a team would provide means for compensating the crewmember's family for the

extraction of one of its members. The crewmember would not be as likely to experience stress

inflight over the well-being of his/her family, and it would ease the transition of the crewmember

once he/she is returned to Earth.

Related Operationally Important Problems

Sleep Disorders

Infection

Changes In Mood/Motivation

Impaired Cognition

Interpersonal Conflict
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ANEMIA

Historical Backmound

Anemia is defined as the reduction below normal in the oxygen-carrying capacity in a certain

volume of blood due to a decrease in the number of erythrocytes per cubic millimeter, in

hemoglobin per 100 milliliters, and in the volume of packed erythrocytes per !00 milliliters of

blood. Generally, 12 grams/100 milliliters of hemoglobin is accepted as the lower limit of normal

and values below it constitute anemia (Davidson and Henry, 1969, p. 207). The clinical

symptoms of anemia are weakness, labored breathing, and excessive heart rate which can be

expected to adversely affect the operational performance of the flightcrew. Based on this

definition, it has been difficult to document clinical cases of anemia in the crew of any of the

spaceflight missions for either the U.S. or the Soviet space programs. However, the consistent

reduction in erythrocyte mass, reticulocyte count, and hemoglobin concentrations postflight cannot

be disputed (Kimzey et al., 1975, pp. 197-226; Johnson et al., 1977, p. 240; Yegorov, 1981, p.

148; Johnson, 1983, p. 289; Bogomolov et al., 1988, p. 73; Leach et al., 1988; Huntoon et al.,

1989, pp. 222, 224). This trend is alarming and steps to monitor these hematologic parameters

throughout long duration space travel must be developed (Goldberg Report, 1987, pp. 150-153;

Robbins Report, 1988, pp. 46-50; FASEB - Loss of Red Blood Cell Mass, 1985, pp. 5-11, 31-

36).

In an effort to determine the cause of the erythrocyte mass loss, the destruction of erythrocytes,

decrease in erythrocyte survival, and ineffective erythropoiesis have been studied during

spaceflight, but the evidence is inconclusive (Kimzey et al., 1975, pp. 197-226; Johnson et al.,

1988, pp. 387-396; Leach and Johnson, 1984, pp. 216-218). Indications are that the number of

reticulocytes are reduced postflight and thus erythropoiesis is suppressed. However, the Soviet

reports suggest that the number of reticulocytes, 1-3 weeks after long duration flights, is several

times higher than the preflight level (Yegorov, 1981, p. 148; Kalandarova, 1986, pp. 8-23). This

late response by the bone marrow may be the result of the decrease in erythrocyte mass and

erythropoiesis inflight or immediately postflight. The Soviets interpreted the data as a re-adaptation

response of the bone marrow to gravity postflight. Further studies must be conducted to clarify

these discrepancies.

Erythropoietin is produced by the kidney in response to low oxygen levels in the tissues and

stimulates erythropoiesis in the bone marrow (Davidson and Henry, 1969, p. 208). A significant



positive correlation betweenerythropoietinand reticulocyte number was demonstratedin a

Spacelab 1 experiment, indicating that production of erythrocytes was associatedwith

erythropoietinlevel.0__,each et al., 1988, pp. 161-166). The role of erythropoietin in regulating the

erythrocyte mass during spaceflight is still unknown and requires further investigation.

Serum erythropoietin levels appear to be decreased (statistically not significant) postflight in the

few case studies of the U.S. missions of short duration (Leach and Johnson, 1984, pp. 216-218).

The Soviets have reported contrasting results. In most cosmonauts who have flown for more than

2 months, serum erythropoietin levels were lower than those who had spent a shorter time in

space, up to 1 month (Kalandarova, 1986, p. 14). However, the erythropoietin values were

increased from preflight values for both groups. This issue requires further clarification by

preflight, inflight, and postflight monitoring of serum erythropoietin levels.

Although the number of cases are limited, the loss of erythrocyte mass appears to Stabilize in long

duration flights of 84 days or greater suggesting an adaptation to the weightless environment

(Kimzey et aI., 1977, pp. 237,266; Huntoon et al., I983, p. 223; Bogomolov et al., 1988, p. 73;

Yegorov, 1981, p. 145; Goldberg Report, 1987, p. 150). Unfortunately, the available inflight

data to support this hypothesis is inadequate and further studies must be conducted.

The significance of these findings was summarized by the Goldberg Report as follows: "As far as

is known, the loss of erythrocyte mass is an appropriate adaptation to the cardiovascular changes

that occur during spaceflight. At the same time, it is important to evaluate the clinical implications

of the anemia should a serious illness or accident occur, especially during long-duration missions."

(Goldberg Report, 1987, p. 155). Thus, a high risk of clinical anemia may exist after blood loss

injury and menstruation in long duration flights.

Recommendations for Monitoring

The following recommendations were advanced by the Goldberg Report (1987, p. 154), Robbins

Report (1988, p. 49), and the ad hoc Working Group (FASEB - Loss of Red Blood Cell Mass,

1985, pp. 34-35). More detailed studies on the time course and magnitude of the erythrocyte loss

in long duration flights were highly recommended; the parameters of hemoglobin, adjusted

hematocrit, and erythrocyte mass should be monitored. Erythrocyte mass should be estimated

from blood samples drawn at least twice daily during the first two weeks of the mission and twice

weekly thereafter.



In order to identify abnormal bone marrow function in response to blood loss, :he reticulocyte

counts and age distribution and serum erythropoietin levels must be determined. Because there is a

need for improved methods of counting reticulocytes quickly and accurately, the development of a

flow cytometer and automated differential counting device for this purpose was recommended.

Because of the variability of erythropoietin levels in serum, it may be necessary to examine

multiple samples, preflight, at the time of launch and initially every few hours inflight, or possibly

more frequently, and postflight.

In order to determine a possible cause for the erythrocyte loss, the destruction of erythrocytes

should be monitored by measuring the serum bilirubin level that is indicative of increased

hemoglobin metabolism due to erythrocyte lysis. Also, erythrocyte survival should be measured

preflight, daily during the first week of flight, weekly thereafter, and postflight. Increase iron

turnover in the blood would also indicate erythrocyte destruction and, therefore, should be

monitored preflight, inflight, and postflight.

Anticipated Countermeasures

In order to stimulate erythropoiesis in the bone marrow and prevent the development of clinical

anemia, an erythropoietin or granulocyte-macrophage colony stimulating factor is administered to

the crewmember. In cases of clinical anemia, a transfusion of packed erythrocytes is administered

in order to increase erythrocyte mass. In order to prevent the development of severe anemia, it

may be necessary to return the crewmember to earth.

Related Operationally Important Problems

Infection

Osteoporosis and Fractures

Increased Muscular Fatigue/Decreased Muscular Strength

Decreased Ability to Emergency Egress

Decreased Ability to Perform Long Duration Tasks
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INFECTION

Historical Backgoun_i

Infections

Throughout the U.S. space program, the prevention of infectious diseases inflight and postflight

have been of major concern. Despite these efforts, inflight and postflight infections of varied

etiology have been documented. The greatest number of infections were reported during the early

Apollo missions. These infections were classified as upper respiratory infections, gastroenteritis,

inguinal rash, contact dermatitis, stomatitis, rhinitis, laryngitis, seborrhea, and skin infections.

They were most likely caused by preflight exposure to the infectious agent or spacecraft

environmental irritants (FASEB - Immunocompetence, 1985, p. 7; Pierson, 1986, pp. 1-1 through

4-16; Nicogossian and Garshnek, 1989, pp. 17-29).

After a preflight isolation period was instituted for all of the subsequent crews, fewer problems

related to infectious diseases were noted but not completely eliminated, even for short duration

missions. Contact dermatitis and upper respiratory inflammation were attributed to spacecraft

materials, while a urinary tract infection was associated with the urine collecting device

(Nicogossian and Garshnek, 1989, p. 20). In a later American mission, 61C, a member of the

crew exhibited pharyngitis during the flight. In one instance, a mission was postponed due to an

upper respiratory infection of members of the crew (Apollo), but for the remaining cases the impact

of the infections on the crew was not evaluated or noted.

Although the Soviets have failed to report any real problems related to infectious diseases in their

long duration missions (Yegorov, 1981; Zaloguyev etal. 1985, pp. 64-66; Kalandarova, 1986,

pp. 8-23; Bogomolov et al., 1988, p. 26), an eyelid infection (sty) and an incipient axillary

furuncle (skin infection) were observed during the 59 day Skylab 3 mission (Taylor et al., 1977,

pp. 53-63). Mild dermatitis and a brief episode of unilateral serous otitis (ear infection) were also

reported for other Skylab missions (FASEB - Immunocompetence, 1985, p. 6). The indications

are that in planning for long duration spaceflight on the Space Station Freedom, two factors exist

that pose added risk of infection and must be investigated (FASEB - Immunocompetence, 1985,

pp. 3-7, 9-13, 17-25; Robbins Report, 1988, pp. 47, 50). These factors are (1) an attenuated cell-

mediated immune response, and (2) physiologic and psychologic responses to "stress".



Attenuated Cell-Mediated Immune Response

The evidence which supports an attenuation of the cell-mediated immune system is consistent for

the U.S. Shuttle Transport System missions and Soviet long duration space missions (Taylor et

al., 1981, pp. 51-52; Taylor and Dardano, 1983, pp. $55-$59; FASEB - Immunocompetence,

1985, pp 3-6; Meehan, 1987, pp. 225:273-286; Bogomolov et al., 1988, pp. 26; Konstantinova,

1988, pp. 73-104). The impact of this suppression on the development of infections, cancer

induction, and crew performance levels has not been described or documented. It is expected that,

for long duration missions, an attenuated cell-mediated immune system increases the risk of

intracellular bacterial, viral and fungal infections by commensal or latent microbes (Hood et al.,

1984, p. 441; Hong, 1986, p. 702). Clinical symptoms of these infections can include vomiting,

fever, discomfort, and breathing difficulties which can be expected to adversely affect the

operational performance of the crew.

The elements of the immune system which have been impaired postflight are (1) the distribution

and counts of specific populations of leukocytes, (2) mitogenic (blastogenic) response of

lymphocytes, (3) natural killer cytotoxicity, and (4) cytokine production (alpha-interferon and

interleukin 2), (Taylor et al., 1981, pp. 51-52; Taylor and Dardano, 1983, pp. $55-$59; FASEB -

Immunocompetence, 1985, pp 3-6; Meehan, 1987, pp. 273-286; Bogomolov et al., 1988, pp. 26;

Konstantinova 1988, pp. 73-104). Changes in the leukocyte populations were neutrophilia,

monocytopenia, lymphopenia, eosinopenia, reduced numbers of T-lymphocytes (helper), B-

lymphocytes, and natural killer cells (FASEB - Immunocompetence, 1985, pp. 3-6). All these

immune parameters can easily be monitored during long duration spaceflights. The risk to

crewmembers can be minimized by monitoring the level of immunocompetence during flight and,

if necessary, administer pre-determined countermeasures to maintain normal immune functions.

Physiologic and Psychologic Responses to Stress

Spaceflight imposes numerous physiological, psychological, and environmental stressors upon the

individual (Yegorov, 1981, pp. 12-14; Davydova et al., 1984, pp. 977-989; Kanas, 1985, pp.

806-811; FASEB - Immunocompetence, 1985, pp. 18, 23; Bogomolov, 1988, pp. 26, 58;

Konstantinova, 1988, pp. 38-39; Huntoon et al., 1989, pp. 231-232) that may have a profound

effect on the immune status of the crewmembers (Taylor and Dardano, 1983, pp. $55-$59;

Meehan, 1987, pp. 273-286). Because of the great variability between persons in their response to

a particular stressor, this association between stress and reduced immunity during spaceflight has

been difficult to document.



However,clinical, epidemiological,psychological,andpathophysiologicalevidencepointstoward

neural-immuneinteractionsasapivotal axisthroughwhichtheexternalenvironmentcanhavea

profound impact on the individual's stateof health (Riley, 1981,pp. 1100-1109;Dorian and

Garf'mkel, 1987,pp. 393-407;GlaserR et al., 1987, pp. 7-20). A wide range of research in

laboratory animals has shown that the nervous system can influence the immune system (Dantzer

and Kelley, 1989, pp. 1995-2008). It has been demonstrated that a broad array of stressors can

alter the immune response and consequently potentiate the susceptibility to infectious agents such

as herpes virus (Rasmussen et al., 1956, pp. 181-187; Jenson and Rasmussen, 1963, pp. 21-23;

Dantzer and Kelley, 1989, 1995-2008). Specifically, a decrease in cell-mediated immunity has

been reported in response to stress (Locke et al., 1984, pp. 441-453; Stein et al., 1985, pp 827s-

833s; Glaser et al., 1986, pp. 675-678; Meehan, 1987, pp. 273-286; Dantzer and Kelley, 1989,

pp. 1995-2008). Therefore, reducing the number of known stressors or modulating an individuals

response to a particular one (for more details, read the related operationally important problem,

Psychophysiological Stress), is an important aspect of maintaining optimum immune functions.

Recommendations for Monitoring

The number of infections such as upper respiratory, skin, and gastrointestinal is monitored by the

Environmental Health Facility on Space Station Freedom and the data is forwarded to BMAC and

HMF. It is hypothesized that during long duration flights an increased incidence of infections will

be observed and prophylaxis in the form of antibiotics and oral flora replacement therapy will be

necessary. In order to diagnose any problems related to infectious diseases and the development of

a depressed immunity, the distribution and absolute counts of granulocytes, monocytes and

subsets of lymphocytes will be monitored (Robbins Report, 1988, p. 50).

The following recommendations were submitted by the ad hoc Working Group (FASEB,

Immunocompetence, 1985, pp. 29-30) which should provide firm conclusions on the effects of

spaceflight on the immunocompetence of the crews that may pose serious health problems. (1)

Determine in flight immune response of space crewmembers including antibody production and

delayed-type hypersensitivity reactions to common antigens. (2) Study the capacity of T-

lymphocytes to respond to mitogens and specific antigens by cytokine production postflight. The

cytokines, interleukin-2, interleukin-3, and gamma interferon were suggested. (3) Evaluate the

phagocytic and migratory functions of neutrophils and monocytes. (4) Determine the temporal

patterns of changes in immune parameters such as white blood cell count, differential count, and

mitogenic responsiveness of T-lymphocytes. The sampling times include preflight, inflight at 24-



48 hours,mid-mission,andshortlybeforereentry;postflightat 24-48hours,aswell as7, 14,21,

and30days.

The highestpriority for pre-spacestation researchwas to assessthe immunocompetenceof

astronautsduringspaceflight.Thisrecommendationwasdevelopedbyacommitteethatevaluated

the SpaceStation InfectiousDiseaseRisks (Pierson,1986,p. A-4). According to report, the

emphasisshouldbeplacedon specificandnon-specificdefensemechanismsincludingphagocytic

functions,intestinalmotility, andmuco-ciliaryclearanceof therespiratorypassages.In orderto

determinetheactivationof latentvirusesdueto spaceflight,it wassuggestedthatarelativelyeasy

prospectiveclinical studycould be implementedwhich would monitor the sheddingof herpes

simplex virus andcytomegalovirusbefore,during, andafter shuttle flights. Possibleparallel
immunologicalstudiescouldmonitortherise in antibodytitersspecificallydirectedagainstherpes

simplexvirusor cytomegalovirusandnaturalkiller cytotoxicactivityagainstherpes-infectedtarget
cells.

The RobbinsReportreiteratedthat thefunctional changesin immunologyandsusceptibilityto
infectious diseasesshould be correlated with any qualitative or quantitative changes in

hematopoieticcell lines (RobbinsReport, 1988,p. 50). This emphasizesthe importanceof

determiningtherelationshipbetweenimmunocompetenceandsusceptibilityto infectiousdiseases

in spaceflight. It is clearthat, basedon theconcernexpressedby thesecommittees,NASA must

develop a strong researchprogram which will answerthe critical questions related to the

immunocompetenceof astronautsduringspaceflightof longduration.

StudieswhichenableNASA to betterunderstandtheinter-relatedmechanismsof stress,immunity,

and susceptibility to infectiousdiseasesarecrucial in planning for long durationspacetravel

(RobbinsReport,p. 67;GoldbergReport,I987,p. 174;TaylorandDardano,I983, pp. $55-$59;

Meehan,1987,pp. 273-286). "Neuroendocrinemodulationof humanT-cell function following
stressfulevents(including spaceflights)could be investigatedby using lymphocyteactivation

strategieswhich havebeenusefulin elucidatingmechanismsof alteredimmuneregulation in

diseases. Since the CNS and immunesysteminteractas a regulatorycircuit completewith
feedbackmechanismsandsharecommonpeptidehormonesandreceptors,futurestudiesmayneed

to focuson therole of endogenousbrainpeptidesandotherhormonesin modulatinghumanT cell

functionfollowing exposureto variousstressfulevents."(Meehan,1987,pp.273-286)



Anticipated Countermeasures

The anticipated countermeasure for the prevention of infectious diseases is to administer antibiotics

and normal flora replacement therapy. In order to enhance immune functions the cytokines,

interferon or interleukin, are administered, and in order to minimize stress the countermeasures for

psychological stress are invoked.

Related Operationally Important Problems

Anemia

Cancer Induction

Decreased Ability To Perform High Precision Tasks

Decreased Ability to Emergency Egress

Psychophysiological Stress
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ALTERED PHARMACOLOGIC ACTIVITY

Historical Baqkground

The possibility of altered pharmacologic activity in a microgravity environment is a problem that

needs attention. Deviations in the pharmacokinetics of drugs administered to crewmembers during

a mission could possibly result in ineffective therapeutic responses or unexpected side effects.

These types of reactions could hinder a crewmember's ability to perform effectively. (Nicogossian

et al:, 1989, p. 235).

Headward fluid shifts resulting in increased central blood volume trigger a series of biochemical

and physiological compensatory mechanisms. It is believed that these changes will modify the

body's reaction to pharmacologic intervention. Bedrest studies have noted these types of changes

in the pharmacodynamics of tested drugs. Scopolamine, an anticholinergic drug used in the

treatment of motion sickness, is one of the pharmaceuticals that has been analyzed during bedrest.

In the study, it was noted that there were significant differences in the distribution of scopolamine

during bedrest when compared to baseline levels. The bioavailability of oral scopolamine under

these conditions was determined to be poor and variable. (Putcha, 1989, p. A7)

Recommendations For Monitoring

Altered pharmacologic activity may be detected and/or further prevented in microgravity by

monitoring changes from normal, ground-based gastrointestinal and hepatic functions along with

changes in the physiologic reactions from commonly used drugs. This will enable us to equate

deviations in drug clearance (metabolism and elimination) and allow us to change drug

form/dose/interval as well as route to optimum levels for therapeutic response.

In monitoring these parameters, we expect to encounter changes in drug reaction/function.

Appropriate countermeasures would then be implemented to counteract these potential problems.

Anticipated Countermeasures

Change and optimize drug form/dose/route/interval and possibly drug choice.



Related Operationally Important Problems

Cardiac Dysrhythmias

Infection

Osteoporosis and Fractures

Renal Stones

Visual Dysfunction
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ALTERED CARDIOVASCULAR FUNCTION

Historical Backmound

During spaceflight, a loss of the gravity dependent blood pooling in the legs that occurs when the

body is standing, is experienced. The volume of fluid associated with this pooling is redistributed

in the body, and is primarily responsible for the facial edema observed in the participants of space

missions. This volume shift is also thought to play a role in space adaptation syndrome (Robbins

Report, 1_)88, pp. 40-43; Levy and Talbot, 1983-; Dietlein, 1977, pp. 408-418). The complex

alterations in cardiovascular reflexes and endocrine status associated with the lack of normal

venous pooling may alter cardiovascular function. The reports of alteration in cardiac function are

based on either the small amount of echocardiographic data obtained during Shuttle flights, or on

responses to orthostatic stress immediately following space flight. The inflight echocardiographic

data demonstrate changes consistent with changes in fluid compartmentalization, but it is unclear if

altered myocardial performance (either contractility or heart rate) is altered independent of changes

in blood volume (Robbins Report, 1988, pp. 41-42).

Early observations in humans of significant changes in cardiac function were noted during the

inflight and immediate postflight periods of a mission (Blomqvist, 1983; Bungo, 1989, pp. 985-

990). Standard posterior-anterior chest X-rays were taken before and after each U.S. space flight,

and these films have provided a base for determining changes in cardiac silhouette size. Each of

the nine Skylab crew members showed moderate decreases in cardiothoracic ratios (Nicogossian,

et al., 1976, pp. 362-365; Nicogossian, et al., 1977 pp. 400-405).

Redistribution and reduction of blood volume that effect cardiac function was noted in the Robbins

committee report as physiological change that occurs during space flight (Robbins Report, 1988,

pp. 18, 40, 48-49). The recommendations of the committee were to increase the number of studies

performed both on the ground (bed rest studies, neutral buoyancy, etc.), and inflight to: (1) verify

the degree of cardiovascular deconditioning that occurs, and (2) define the role of exercise as a

countermeasure to cardiovascular deconditioning. The committee also suggested that

instrumentation for onboard hemodynamic monitoring should be implemented according to a well-

defined, long-term target.

Cardiovascular adaptation to altered gravitational stimulation was noted in A Strategy for Space

BiQlogy and Medical Science as being a significant response that requires further investigation



(GoldbergReport, 1987,p. 137). Perhapsthe most interestingobservationof the Goldberg
committeewasthat"...In general,thecardiovascularsystemfunctionswell in spaceflight.On the

otherhand,thesuccessfuladaptationmaybeviewedasdirectlyresponsiblefor thecardiovascular
dysfunctionthat is apparentuponthereturnto normalgravity. There is an alternative view- that

the normal regulatory mechanisms are unable to deal with the fluid shift that occurs upon entry into

microgravity, so that there is a sustained hyperdynamic circulatory state that has the potential of

causing myocardial dysfunction even in space (Goldberg Report, 1987, p. 137). " The

recommendation that more extensive monitoring of cardiac function during spaceflight may help

resolve this issue followed.

The life sciences research office of the Federation of American Societies for Experimental Biology

(FASEB) published a committee report regarding research opportunities in cardiovascular

reconditioning caused by space flight (Levy and Talbot, 1983). In the report, it is noted that

evidence of cardiovascular deconditioning during space flight is evident from data collected by both

Soviet and United States scientists (Bogomolov, et al., 1988). The committee concluded that more

precise data is needed'regarding the nature and mechanisms of cardiovascular adaptations that

result from exposure to a space flight environment. Of particular interest are the dimensions and

practical significance of possible regressive changes in the myocardium and other parts of the

cardiovascular system. The FASEB group also recommended that research investigating the

development of effective countermeasures to cardiovascular reconditioning be conducted.

R_¢ommcndations for Monitoring

Appropriate monitoring for changes in cardiac function must include methods to elucidate the

mechanisms that are responsible for the change in cardiovascular function. These mechanisms

include hypovolemia, autonomic dysfunction, altered central cardiac function, altered peripheral

vascular control, and loss of skeletal muscle tone of the lower extremities. Measurements of

hematocrit, weight, and plasma volume during flight can track hypovolemia. Measurements of

heart rate and blood pressure responses to "orthostatic stress" using lower body negative pressure

(LBNP) as well as a test of baroreceptor function (using either Valsalva's maneuver, a neck

barocuff, a cold pressor test, or isometric exercise) can discern changes in autonomic function.

Altered central cardiac function can best be detected by using serial two dimensional

echocardiographic measures of cardiac volumes and changes in ascending aortic blood flow

velocity using Doppler echocardiography during rest and a cardiovascular stress (LBNP, exercise).

Altered cardiac function may also be detected using a bioimpedance technique to detect changes in

cardiac output. Changes in peripheral vascular control can be measured utilizing the above



techniquesandperipheralDopplerblood flow measurementsduringeithera rampor prolonged

LBNP test. Lossof skeletalmuscletonein the legscanbeassessedby measuringchangesin the

volumeof the legsandby testsof leg strength.

Anticipated Countermeasures

LBNP inflight, ingestion of saline or other isotonic beverage before landing, LBPP (anti g suits )

during landing and egress, appropriately prescribed exercise.

Related Operationally Important Problems

Cardiac Dysrhythmias

Impaired Thermoregulation

Decreased Ability To Emergency Egress
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Equipment For Monitoring Changes in Cardiovascular Function

LBNP (Orthostatic Stressor)

Hematocrit Centrifuge, Capillary tubes, Lancets (Hypovolemia)

Body Mass Measuring Device (Hypovolemia)

Isokinetic Dynamometer (Leg Strength )

Bioimpedance Analyzer (Central Cardiac Function)

Blood Pressure Device (Autonomic function)

Electrocardiograph (Heart rate and rhythm to LBNP and Exercise)

Two dimensional echocardiograph with Doppler velocimeter (Central Cardiac Function)

Peripheral Doppler velocimeter (Peripheral blood flow)

Limb plethsmograph ( Hypovolemia, muscle tone, peripheral blood flow)

Neck Barocuff (Autonomic Dysfunction)
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RENAL STONES

Historical Back_ound

The possibility of astronauts developing renal stones during long-duration space flights is of

major concern. Exposure to microgravity for extended periods of time has been shown to

cause demineralization of bones. These minerals are passed to the blood, filtered by the

kidneys, and excreted in the urine, increasing the risk of sedimentation, leading to renal stone

formation. The severity of the pain associated with renal stones is such that emergency rescue

and/or possibly abortion of a mission could result.

Calcium is the mineral of highest concern, for it is the major constituent of nearly all stone

forming salts. A Considerable rise in urinary calcium has been observed in nearly all space

missions. This condition develops soon after space flight begins, reaches a peak, and is

sustained at that level throughout the flight. (Cintron, 1987, p. 13). Long duration urinary

calcium data were made available through the Skylab program, where it was noted on all three

missions that urinary calcium levels increased approximately 80-100 percent above baseline

levels, then remained at these levels for the remainder of the flights. (Whedon, 1977, pp. 166-

167). Increased urinary calcium levels have also been experienced by the Soviets during the

Mir missions.

Urinary phosphate and oxalate levels have been found to also increase in microgravity. These

minerals couple with calcium to produce the primary stone forming salts (calcium phosphate

and calcium oxalate).

Other factors which may attribute to renal stone formation in microgravity include high levels

of exercise, diets high in animal protein, and dehydration. These aid in higher plasma mineral

concentrations, potentially contributing to increased saturations of stone forming salts in the

urine.

Committees and study groups which were banded to develop strategies for space science for

the upcoming years have pointed out that renal stone formation is of concern and needs to be

further studied. Both the Goldberg Report and FASEB have stated an interest in the

physiological mechanisms by which renal stones are formed in microgravity environments.



Recommendations For Monitoring

Renal stone formation may be detected and/or prevented by monitoring the concentration of

stone forming salts (calcium phosphate, calcium oxalate, uric acid, etc.) in the urine. As the

concentration of these salts increases, the possibility of renal stone formation increases. Urine

volume, osmolality, and pH should also be monitored, for dehydration, increased specific

gravity, and increased acidity of the urine are other symptoms of renal stone formation.

In monitoring these parameters, we expect to encounter increased urinary salts, specific gravity

and acidity along with decreased urine volume. Appropriate countermeasures would then be

implemented to counteract these potential problems.

Anticipated Countermeasures

Administer Fluids, Replacement of Mineral Inhibitors (i.e. Citrate), Lower Calcium and

Animal Protein Levels in the Diet, Stimulate ADH Production Through Pharmacologic Means

Relal;ed Operationally Important Problems

Osteoporosis and Fractures

Altered Pharmacologic Activity
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CARDIAC DYSRHYTHMIAS

Historical Back m'qonO

During spaceflight, a loss of the gravity dependent blood pooling in the legs occurs in a one-

gravitational environment when the body is standing. The volume of fluid associated with this

pooling is redistributed in the body, and is primarily responsible for the facial edema observed in

the participants of space missions. This volume shift is also thought to play a role in space

adaptation syndrome (Robbins Report, 1988, pp. 40-43; Bungo, 1985, pp. 985-990; Levy and

Talbot, 1983; Dietlein, 1977, pp. 408-418). The complex alterations in cardiovascular reflexes

and endocrine status associated with the lack of normal venous pooling may alter cardiovascular

function and effect normal cardiac rhythm.

Various levels of cardiac dysrhythmias have occurred throughout the U.S. space program (Bungo,

1989, pp. 197-199). During the Gemini, Apollo, and Skylab series of flights the majority of the

dysrhythmias noted were either occasional unifocal premature ventricular contractions (PVCs) or

minor supraventricular dysrhythmias. One Skylab crewmember had a five beat run of ventricular

tachycardia during an LBNP test and during extravehicular activity and lunar surface EVAs, two of

the Apollo 15 crew developed cardiac dysrhythmias (FASEB - Cardiovascular Deconditioning,

1984, p. 21). During the Shuttle program, at least two of the crewmembers have developed

ventricular ectopy during the reentry phase of the flight; one of these exhibited up to 16 PVCs a

minute (Bungo, et al., 1983).

The Robbins committee report notes that a broad range of cardiac dysrhythmias have occurred

during space flight, and that a Soviet cosmonaut was rescued after a flight duration of six months

because of cardiac dysrhythmias (Robbins Report, 1988, p. 41). This cosmonaut is alluded to in a

joint US/USSR conference on Space Biology and Medicine report (Bogomolov, 1988). The

dysrhythmia was described as periodic atrial extrasystoles that occurred during exercise training.

Subsequent evaluations did not reveal any organic changes in his myocardium and no more

extrasystoles were noted during physical training. The recommendations of the Robbins

committee were to increase the number of studies performed both on the ground (bed rest studies,

neutral buoyancy, etc.), and inflight to: (1) verify the degree of cardiovascular deconditioning that

occurs, and (2) define the role of exercise as a countermeasure to cardiovascular deconditioning.

The committee also suggested that instrumentation for onboard hemodynamic monitoring should

be implemented according to a well-defined, long-term target.



Cardiovascularadaptationto alteredgravitationalstimulationwasnotedin A Strategy for Space

Biology and Medical Science as being a significant response that requires further investigation

(Goldberg Report, 1987, p. 137). Perhaps the most interesting observation of the Goldberg

committee was that "...In general, the cardiovascular system iunctions well in spaceflight. On the

other hand, the successful adaptation may be viewed as directly responsible for the cardiovascular

dysfunction that is apparent upon the return to normal gravity. There is an ahernative view- that

the normal regulator 3, mechanisms are unable to deal with the fluid shift that occurs upon entry into

microgravity, so that there is a sustained hyperdynamic circulatory state that has the potential of

causing myocardial dvsfunction even in space (Goldberg Report, 1987, p. 137). " The

recommendation followed that more extensive monitoring of cardiac function, including

monitoring of cardiac rhythm, during spaceflight may help resolve this issue.

The life sciences research office of the Federation of American Societies for Experimental Biology

(FASEB) published a committee report regarding research opportunities in cardiovascular

deconditioning caused by space flight (Levy and Talbot, 1983). In the report it is noted that

evidence of "cardiovascular deconditioning" during space flight is present in data collected by both

Soviet and United States scientists. The committee concluded that more precise data are needed

regarding the nature and mechanisms of cardiovascular adaptations that result from exposure to a

space flight environment. The FASEB group also recommended that research investigating the

development of effective countermeasures to cardiovascular deconditioning be conducted.

Recommendations for Monitoring

Appropriate monitoring for changes in cardiac rhythm would include inflight measurements of

cardiac rhythm during rest, exercise and LBNP, electrolyte imbalance, and measures of autonomic

function.

Anticipated, Counterm¢ia_ure_

Pharmacologic (beta-blockers, etc.), Nutritional Additives (Supplemental electrolytes), exercise,

saline or other isotonic beverage ingestion before reentry, and aggressive pre-fligbt screening of

crew members to detect any type of underlying cardiovascular disease that may precipitate a

dysrhythmia.



R_lat_d Operationally Importan_ Problems

Increased Muscular Fatigue/Decreased Muscular Strength

Altered Cardiovascular Function

Decreased Ability To Emergency Egress
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Equipment For Monitoring Cardiac Dysrhythmias

LBNP (Orthostatic Stressor)

Blood Pressure Device (Autonomic function)

Electrocardiograph (Heart rate and rhythm to LBNP and Exercise)

Holter Monitor (24 hr cardiac rhythm)

Neck Barocuff (Autonomic Dysfunction)

Ion Chromatograph
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CANCER INDUCTION

Historical Back_Q_nO

Radiation Exposure

Since the beginning of man's exploration into space, a primary concern has been the protection of

both man and animal against possible excessive radiation exposure due to galactic cosmic rays,

solar flare particles, and trapped charged particles of the radiation belts (Hekhuis, 1961; p. 57;

Lushbaugh, 1974, p. 512; Robbins Report, 1988, p. 55; Goldberg Report, 1987, p. 53). Because

of the type of radiation in outer space and its potential hazard to living cells (Rust, 1982, pp. 939-

946), radiation exposure safety limits in space must be established based on its biological effects.

"The records of exposures to ionizing radiation to date indicate that inflight dose rates and total

doses have been well within the operational safety limits employed by NASA (National Research

Council). The crude mean total dose in the ten Apollo missions, each lasting an average of 9.3+

days, was approximately 0.43 rad. In the 85-day Skylab 4 mission, the mean dose was 7.8 rads,

and in eight Space shuttle missions, the overall mean total dose was 0.42 rad," (FASEB,

Immunocompetence, 1985, p. 21). The total reported dose absorbed by a Soviet cosmonaut in

326 days of flight was 7.6 rads (Bogomolov et al., 1988, p. 16) and the crew irradiation level for

the Soviet Salyut 6 mission (175-day) was 3.2-5.8 rads. However, a major solar flare proton

shower could result in 1000 rads total body irradiation in an unshielded environment. This is an

acute lethal dose (Hekhuis, 1961, p. 57; Lushbaugh, 1974, p. 495).

Although, the radiation exposure to date has not had any adverse affect on the crew's ability to

carry out a mission, the estimated crew exposures for the 90-day Space Station mission range is

from 15-20 rad. This estimate is below the recommended daily limit of .22 rad for bone marrow,

eye lens and skin, but exceeds the limit for testis according to the National Research Council, 1970

(Lushbaugh, 1974, p. 514; FASEB, Immunocompetence, 1985, p. 21). More recently, the

exposure limits for 90-day Space Station were estimated at 17.6 rads for skin and 9.9 rads for

blood forming organs under Solar Max conditions while higher values of 35.1 rads and 16.2 rads,

respectively, were listed under Solar Min conditions (McCormack and Nachtwey, 1989, p. 345).

Therefore, it is crucial to monitor the exposure levels and evaluate the effect of the radiation

exposure on humans at the genetic level. This is the only way to detect radiation damage that may

have the potential of transforming normal cells, to determine increased risk levels for cancer



induction in humansliving in space,and to establishradiation safety limits that are basedon

biologicaleffects(RobbinsReport,1988,p. 65).

Spaceflight-Induced Chromosomal Aberrations

Few human studies have been done to determine biological effect of radiation exposure during

spaceflight. "The biological effects of radiation on humans are commonly grouped into two

categories: acute and long-term. Acute effects include radiation sickness and death; long-term

effects are carcinogenesis, teratogenesis, formation of cataracts, and damage to nondividing cells."

(Robbins Report, p. 53).

One biological effect of radiation is genetic or chromosomal damage. The earliest attempt to

determine the effects of spaceflight on the frequency of chromosomal aberrations were documented

during the Gemini and Apollo missions (Kimzey et al., 1975, p. 223). Mitogen-stimulated

lymphocytes were arrested at metaphase and the chromosomes were analyzed for abnormalities.

Three tentative conclusions were reached: "1. Postflight aberrations are approximately double

preflight values, 2. there is a rather constant postflight aberration yield which seems to be

dependent on the duration of flight, and 3. Baseline or preflight values in experienced astronauts

appear to be higher than in other crewmen" (Kimzey et al., 1975, p. 224).

During the Skylab missions, the above conclusions could not be supported by the data from a

similar study, but again only a small number of cells for each specimen were evaluated that were

not adequate to form any firm conclusions (Lockhart, 1977, p. 217). Although these limited

studies are unable to show any radiation-induced detrimental chromosomal effects, the increased

estimated exposure on Space Station leads scientists to expect that space crews may experience

reproducible chromosomal changes to spaceflight (Goldberg Report, p. 55-57; Robbins Report, p.

65; FASEB, Immunocompetence, 1985, p. 21).

Carcinogenesis

"One of the major effects of low-level radiation is carcinogenesis" (Robbins Report, p. 63).

Carcinogenesis is the process by which a normal cell is converted or transformed into a cancer cell

and its progeny form a neoplastic tumor (Hood et al., 1984, p. 496). It has become clear that

high linear energy transfer (LET) radiation and high charge and energy (HZE) ionized particles in

the space environment, are carcinogenic. Since the relative biological effects of this type of



radiationhavenotbeendetermined,therisk of cancerinductionis notclear. (RobbinsReport,pp.

55-63;GoldbergReport,pp.53-55).

The mechanismsof carcinogenesisby physical agents,such as radiation, are still obscure.
"Ultravioletandgammairradiationarehighly mutagenic,actingdirectly onnucleicacidstocause

genetic changes,"(Hood et al., 1984, p. 500). The transformation can occur when the cell

synthesizes new DNA in a different sequence than the original DNA (mutation). The transformed

cell then reproduces and forms a clone of cancer ceils (neoplasms). Other neoplastic

transformations may arise by the activation of oncogenes that are present in normal cells

(Lebowitz, 1983, pp. 657-662; Marx, 1984, pp. 673-676; Santos et al., 1984, pp. 661-664; Hood

et al., 1984, p. 506). Activation and expression of these oncogenes may transform the cell as

indicated by the production of specific proteins (Hood et al., 1984, p. 509). If radiation exposure,

genetic/chromosomal Uamage, and oncogene activation are monitored during spaceflight, the

biological effects of high LET radiation and cancer risk can be established.

Attenuated Natural Killer Cytotoxicity

Natural killer cytotoxic activity is a primary host defense mechanism against tumor development

(Hood et al., 1984, p. 515; Romano, 1986, p. 73). As normal cells are transformed, evidence

suggests that natural killer ceils attack these transformed cells before they are able to form a clone

of cancer ceils. During the Soviet long duration spaceflights, natural killer cytotoxic activity was

markedly reduced postflight (Konstantinova, 1988, p. 29). In addition, the levels of interleukin 2

and interferon, known stimulators of natural killer cytotoxic activity, were also suppressed. It is

postulated that the increased radiation exposure of the flightcrew will increase the rate of neoplastic

transformation of cells. If the primary host defense mechanism against tumor development is

suppressed, one can postulate that the risk of cancer induction is greatly enhanced. It is important

to monitor the natural killer cytotoxic function during spaceflight to insure that the host defenses

against tumor development is not dangerously altered.

x.._...

The mechanisms of the suppression of natural killer cytotoxicity are unknown. However, the

function is radiation-sensitive (Zarcone, 1989, pp. 1615-1621) and the higher radiation exposure

on Space Station may have a detrimental effect. Stress-induced alterations of natural killer

cytotoxicity have also been reported (Shavit, 1985, pp. 834s-836s; Blazar eta!., 1986, pp. 26-36;

Glaser et al., 1986, pp. 675-678; Dantzer and Kelly, 1989, pp. 1995-2008), and animal studies

have demonstrated that stress can enhance the development of experimental tumors (Sklar &

Anisman, 1979, pp. 513-515; Riley, 1981, pp. 1100-1109: Asterita, 1985, pp. 143, 145: Shavit,



1985,p. 834). However,a clearcauseandeffect relationshipbetweenstress,reducednatural

killer cytotoxic activity, and tumor developmenthasnot beendemonstrated. A number of

stressors, psychological, physiological, and environmental, have been identified on spaceflight

(Davydova et al., 1984, pp. 977-989; Kanas, 1985, pp. 806-811; Robbins Report, p. 67;

Goldberg Report, 1987, p. 174)which may have adverse effects on natural killer cytotoxic

function and thereby enhance cancer induction.

Recommendations for Monitoring

The Goldberg Report (1987, pp. 55, 57) recommended that the effects of radiation, especially the

high LET radiation from heavy ions and HZE particles, on the frequency of cancer induction or

transformations in cell populations be determined. The Robbins Report (1988, pp. 64, 65)

reiterated these recommendations "and extended the necessary studies to include the low dose/rate

effect of high linear energy transfer radiation in cancer induction, cataractogenesis, embryonic

development, and the functioning of the nervous system. The Report also promoted as a high

priority, the development of improved passive dosimeters and appropriate biological dosimeters

that actually provide a method for monitoring the biological effects of radiation.

In order to monitor chromosomal changes in response to spaceflight, cytogenefic studies of human

blood lymphocytes stimulated with mitogen and arrested at metaphase should be continued with

modern automated instrumentation. Because natural killer cytotoxic activity is radiosensitive, this

function may also serve as a biological dosimeter.

In order to monitor the risk of cancer induction in the hemopoietic cells, unscheduled DNA

synthesis and increased levels of oncogene products in lymphocytes stimulated with mitogen and

arrested at metaphase can be measured. These parameters are indicators of DNA repair and

oncogene activation, respectively, and can be used as biological dosimeters during spaceflight.

Amiqip_ted Countermeasures

In order to enhance natural killer cytotoxic function and prevent cancer induction, the cytokines,

interferon or interleukin 2, may be administered to the crewmember. To prevent stress-induced

suppression of natural killer cytotoxic activity and/or cancer induction, the countermeasures for

Psychophysiological Stress may be invoked.



DuringoccasionalSolarflareactivity, thecrewmustretreatto a shieldedsafehavenfor protection

againstexcessivedosesof radiation.

Finally, the crewmember must return to earth before the radiation exposure limit is exceeded,

natural killer cytotoxic function is markedly reduced, chromosomal aberrations are significantly

increased, and/or DNA synthesis of blood lymphocytes is markedly increased.

Related Operationally Important Problems

Infection

Anemia

Psychophysiological Stress
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OSTEOPOROSIS AND FRACTURES

Historical Back_oun_l

Bone demineralization in microgravity closely resembles the pathology of disuse osteoporosis and

has the potential to cause both chronic and acute problems, particularly in long duration or repeated

missions (FASEB - Bone Demineralization, 1984, p. 1). The major health hazards associated with

bone demineralization include extended recovery time of lost bone mass postflight, the possibility

that this lost mass is not completely reversible, signs and symptoms of hypercalcemia, risk of

kidney stones from hypercalciuria, possible effects of calcification in the soft tissues, and possible

increase in the risk of fracture (Schneider, et al., 1989, p. 220).

U.S. and Soviet studies indicate that approximately 0.3 to 0.4% of total body calcium is lost each

month during spaceflight. Measurement of os calcis mass indicates that weight bearing bones lose

about 5% of their mass per month while non-weight-bearing bones, such as the radius and ulna,

show no measurable loss (FASEB - Bone Demineralization, 1984, p. 1). Bone loss appears to be

proportional to mission length and ranges from -0.9 to -19.8 percent over periods from 75 to 184

days (Schneider, et al., 1989, p. 214).

It is not apparent whether this loss is completely reversible. The possibility exists that the calcium

balance might return to preflight balances before the bone mass lost during spaceflight has been

regained, causing irreversible damage to the skeleton (Rambaut and Johnston, 1979). Bone loss

appears to be reversible following flights as long as 84 days, but reversibility of bone loss on long

duration flights needs to be verified (FASEB - Bone Demineralization, 1984, p. 1). Os calcis

mineral content of the Skylab 3 crewmen returned to postflight values by 87 days postflight;

however, the os calcis mineral content of two Skylab 4 crewmen had not been regained 95 days

postflight. Additionally, os calcis mineral content in the nine crewmembers participating in the

Skylab program was significantly lower than in the eight back-up astronauts five years postflight

(FASEB - Bone Demineralization, 1984, p. 9).

Extensive ground-based studies by both the U.S. and Soviets have utilized bedrest as a model to

predict the amount of mineral that will be lost in microgravity. Although the results of bedrest

studies are not identical to those of inflight balance studies, they are reliable and reproducible while

offering insight into the mechanisms of bone loss (Schneider, et al., 1989, p. 217).



"--.w -

The Robbins committee report recommends determining the mechanism of bone loss inflight as

well as its possible associated complications. The committee's report states that the development

and testing of drugs to prevent and moderate bone loss should be made a high priority (Robbins

Report, 1988, pp. 46, 49).

The recommendations of the Goldberg committee report include: (1) to understand the basic

mechanisms that influence bone demineralization; (2) to understand the basic mechanisms of

calcium homeostasis; (3) to determine the relationship between the above two processes; (4) to

determine the extent to which the bone demineralization occurs in space is similar to that occurring

in various ground-based modelsi and (5) to continue the development of _ountermeasures for bone

demineralization. In addition, the committee recommends that knowledge on the postflight

reversibility of bone loss should be obtained. (Goldberg Report, 1987, pp. 112, 116).

The FASEB report on bone demineralization states that even though the previous levels of mineral

loss have not been associated with impaired functional capacities, bone demineralization should be

regarded as a significant biomedical problem of space flight (FASEB - Bone Demineralization,

1984, p. 2). The committee recommends the study of pharmacologic, dietary and exercise

countermeasures to ameliorate the loss of bone mass.

Recommendations for Monitoring

Appropriate monitoring for bone demineralization inflight would include: (1) plasma levels of

vitamin D metabolites, PTH, corticosteroids, and total and ionized calcium; (2) urinary excretion of

calcium and hormones; and (3) G.I. absorption and fecal calcium. Pre- and postflight bone density

should be measured to determine the amount of bone loss inflight as well as the rate of recovery.

Related Operationally Important Problems

Renal Stones

Increased Muscular Fatigue/Decreased Muscular Strength

Decreased Ability to Emergency Egress
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